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THE NUTRITION FOUNDATION 


The Nutrition Foundation was organized by food and related manufacturers in December, 1941, as 
a sincere expression of their interest in scientific progress and human health. The basic purposes of 
the Foundation are: (1) the development of a comprehensive program of fundamental research, pro- 
viding basic information in the science of nutrition; and (2) the support of educational measures that 
will assist in making the science of nutrition effective in the lives of present and future generations. 
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NEW YEAR’S GREETING 


As Nutrition Reviews enters the fifth 
year of its life, it is a privilege to congrat- 
ulate the Nutrition Foundation and the 
Editorial Staff on the health of their off- 
spring. Nutrition Reviews has obviously 
not suffered from inanition (in spite of the 
war) and its digestion of nutrients has been 
remarkably efficient. Indeed, it may be 
said that its coefficient of utilization has 
been high. 

It may also be said that its coefficient of 
utility has been of the highest. This may be 
defined as: the fraction of useful informa- 
tion in the field of nutrition made available 
to workers in the field. Nutrition, being a 
subject which stands at the crossroads be- 
tween fundamental biochemistry and pre- 
ventive medicine, has the dual obligation 
of utilizing the basic advances in biochem- 
istry and other medical sciences in the 
interests of better health, and of bringing 


to the cognizance of the medical sciences the 
problems in nutrition confronting the peoples 
of the world. 

Nutrition Reviews is contributing im- 
portantly toward both these ends. The 
scientific continuum extending from biolo- 
gists and chemists to practitioners of medi- 
cine and public health is greatly in its debt. 

With the reopening of laboratories 
throughout the world and the restoration of 
normal channels for exchange of informa- 
tion, Nutrition Reviews stands both as a 
timely aid to all those concerned with 
nutrition problems and as an example to 
other fields of science. 

May its health and nutrition continue 
to prosper through the coming years. 

A. Barrp HastiIncs 
Harvard Medical School 
Boston, Mass. 


MEDICAL AND PUBLIC EDUCATION IN NUTRITION 


“Taken as a whole, education seeks to do 
two things: first, help persons fulfill particu- 
lar functions in life which it is in them to 
fulfill; and second, to fit them so far as it 
can for those common spheres which, as 
citizens and heirs of a joint culture, they 
will share with others.”” This comment, ex- 
pressed by a Harvard University Committee 
in a recent report entitled “General Educa- 
tion in a Free Society,” states in concise and 
simple terms the basic reasons and impor- 
tance of education, and it applies equally 
to medical and public education in nutri- 
tion. Individuals who seek to perform 
particular functions in health work or 
medicine, considering these subjects on a 
broad basis so as to include physicians, 


nurses, medical social workers, and the 
many other professional workers in this 
area, should be educated in various aspects 
of nutrition because a knowledge of nutri- 
tion will help them to perform better their 
particular functions in life. Man must 
eat to be well. What man does or does not 
eat has much to do with health—with 
recovery from ill health, with the main- 
tenance of good health, and, as Dr. Sher- 
man’s researches have shown, with the 
further improvement of what is already 
considered good health. Convalescence 
from infectious disease, from surgical or 
traumatic wounds, from burns, from blood 
loss, from hepatitis—all are distinctly in- 
fluenced by the kinds and amounts of food 
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consumed, that is by nutrition. Prevention 
and treatment of many diseases—cin hosis 
of the liver, gall bladder disease, diabetes, 
hypertension, pernicious anemia—all are 
distinctly influenced by the kinds and 
amounts of food consumed, that is by 
nutrition. Growth and well-being in the 
newborn, normal pregnancy, successful lac- 
tation, bone formation, fatigue—all are 
distinctly imfluenced by the kinds and 
amounts of food consumed, that is by 
- nutrition. How can there be any doubt 
of the importance of nutrition in medical 
education? Now if one asks whether nutri- 
tior is well considered in medical education, 
I think the answer is no if we consider this 
country as a whole. However, the situation 
has improved much in the last one or two 
years, is rapidly improving, and I feel quite 
certain that during the next ten years nutri- 
tion will gain a firm footing in most medical 
education throughout the country. 

Why have the medical schools been slow 
to realize the importance of nutrition in 
medical education? Primarily, I believe 
because nutrition as a science is much 
younger than the other disciplines that make 
up the bulk of medical education. It was 
only a hundred years ago that food was 
found to consist of at least three main frac- 
tions—protein, fat, and carbohydrate. Some 
twenty years later, the importance of ash 
or the minerals in food was recognized. 
The caloric contribution of foods began to 
be appreciated only about sixty years ago, 
and the substances we now call vitamins 
were not suspected until about the begin- 
ning of this century. Modern scientific 
nutrition is really a twentieth century de- 
velopment of chemistry and physiology. 
Medicine is much older, and much of the 
medicine of older times was humbug and 
those who practiced it resented the intrusion 
of ideas resultmg from experimental 
methods. It takes time for new principles 
to be adopted unless there is a finding of 
dramatic importance to a specific disease. 
Dramatic effects of specific nutrients on 
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such conditions are quite recent. Ascorbic 
acid or vitamin C as a pure substance ef- 
fective in treating scurvy is only a finding 
of the last fourteen years. Thiamine as a 
pure substance effective in the treatment of 
beriberi is a finding of the last eleven years. 
Niacin in the treatment of pellagra is a 
finding of only eight years ago. High pro- 
tein diets in liver disease and general con- 
valescence are a therapeutic practice largely 
of the last three or four years. Folic acid, 
another of the vitamin B-complex, as an 
adjunct in treatment of pernicious anemia is 
a finding of only a year ago. And within the 
last year the increased danger which accom- 
panies overweight in hypertension and 
cardiovascular-renal diseases has been fur- 
ther emphasized. A second reason for the 
slowness with which nutrition has been intro- 
duced into medical education is the lack of 
teaching personnel. Few physicians have 
been really well trained in modern nutrition, 
or conversely, few nutritionists have been 
trained in clinical medicine. While it is 
not necessary for every physician to be a 
trained nutritionist, or vice versa, it is 
desirable from the viewpoint of medical 
education, particularly when teaching prac- 
tical medicine, to have much of what is 
taught, as for example nutrition, presented 
by a physician in the clinic or at the bedside 
to small groups of students. The Rocke- 
feller Foundation and the Nutrition Founda- 
tion have helped to remedy this situation by 
providing fellowship funds so that a few 
carefully selected young clinicians can spend 
a year or two in graduate study in nutrition 
and then go back into medicine. We are 
thus beginning to provide a nucleus of young 
physicians with special training in nutrition 
and gradually they will be available for 
positions in medical schools throughout the 
country. 

So much as to why nutrition is important 
in medical education and why it has been 
accepted slowly. 

What are some positive suggestions favor- 
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ing the teaching of nutrition to medical 
students: 

1. An administration and dean who want 
nutrition well taught and who will provide 
adequate funds. 

2. Responsibility to organize, correlate, 
and amplify instruction in nutrition should 
be centered in one individual, guided per- 
haps by a small committee. 

3. Some organized instruction in nutri- 
tion should be given in each of the four years 
in medical school. This should be given 


as a part of regular standard courses rather 


than as a separate course in nutrition. 
Nutrition is too broad and interrelated with 
other medical subjects to be treated as a 
separate course in the medical curriculum. 
It fits in well with biochemistry, physiology, 
diagnosis, medicine, surgery, pediatrics, and 
the other standard divisions of medical 
education. All that is needed is an ad- 
ministration that wants nutrition taught, 
someone who knows what and how to teach, 
and who will go ahead and teach. 

Nutrition can be well taught in present 
medical educational curricula, is well re- 
ceived by the students, and results in a 
physician better able to maintain the well 
and care for the sick. 

The second responsibility of education is 
to help prepare individuals for those common 
spheres which, as citizens and heirs of a 
joint culture, they will share with others. 
This involves man’s social behavior. It can 
fairly be said that food is man’s most basic 
environmental need. Man musteat. What 
man does or does not eat influences his be- 
havior. The fundamental unity of mankind, 
peace in one world, no more wars—whatever 
expression you wish to use to describe what 
all of us desire but what we seem to be so 
muddled in trying to obtain—this spirit of 
good will depends on man’s social behavior, 
which is influenced greatly by food. Surely 
education of the public in some understand- 
ing of food and nutrition is so fundamental 
to the concept of one world that it should 
receive serious attention in the long range 


plans of those who hope to bridge the 
chasms which exist between nations. 

Where should one start in this problem 
of public education in nutrition? There are 
two fields that I believe are particularly 
promising: One, groups of children which 
would involve the elementary and secondary 
schools; and the second, the community 
which takes in adults as well as children. 
The elementary schools, the junior and 
senior high schools, both public and private 
schools, the boy scouts, girl scouts, Junior 
Red Cross, and similar groups are the places 
where education in food and nutrition should 
be started and emphasized. To do this 
effectively requires an organized effort to 
introduce sound nutrition into the curricula 
of the elementary and secondary schools and 
into the curricula of the teachers’ colleges. 
Until teachers themselves receive adequate 
training in basic nutrition, and in applica- 
tion of this information to teaching, the 
inclusion of nutrition education into the 
daily teaching of children will be delayed. 

Nutrition education is a part of health 
education and should be taught as such since 
good nutrition is essential to good health, 
both physical and mental. As with health 
education, the best results will be obtained 
when there is constant emphasis in all sub- 
ject matter. Nutrition education falls na- 
turally into the social studies and sciences; 
however, there is ample opportunity to make 
it function as a part of arithmetic, reading, 
or spelling. 

Younger children are interested in food 
experiences, older children in food informa- 
tion. During the formulative period of food 
habits, children should become acquainted 
with different foods, be willing to accept 
them, learn to enjoy eating and to employ 
emotional stability in relation to mealtimes. 
The school and the home can do much to 
contribute to such a program. 

In many areas, children remain in the 
school for the entire day; therefore, it is 
desirable that information be given to 
children to help in choosing adequate 
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lunches. It is even more important that 
the foundation for wanting to choose an 
adequate lunch and to consider it as an 
integral part of the day’s food pattern be 
established. Knowledge is important, but 
the attitude associated with an understand- 
ing of nutrition is even more important; for 
if one can impart a favorable attitude or 
interest in a problem, the facts in so far as 
they are known are easy to put across, to be 
remembered, and put into practice. 

Nutrition education at any level is of 
little value if it does not carry over into the 
home and the community and be applied 
and accepted. I feel that education of the 
public in nutrition can best be accomplished 
on a long-term basis by concentrating on 
nutrition education in children so as to 
develop a new generation schooled in sound 
nutrition. 

The community offers an excellent op- 
portunity for nutrition education through 
the medium of nutrition service to various 
community health and welfare agencies. 
Many communities with wide-awake health 
departments and energetic voluntary or- 
ganizations, such as the Community Chest 
and Red Cross Chapters, have active nutri- 
tion programs. Thanks again to a grant- 
in-aid from the Nutrition Foundation and 
the Rockefeller Foundation we are having 
an opportunity to develop what we hope 
will be a model program in public education 
in nutrition in a suburb of Boston known as 
Newton. We are working both with the 
public schools and the Community Nutri- 
tion Center known as the Newton Nutrition 
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Center. The Newton Nutrition Center 
serves a community of 70,000. It is 
financed equally by the City Health Depart- 
ment, the local Red Cross, and the local 
Community Chest. It employs two full- 
time nutritionists and provides some nutri- 
tion service—and hence nutrition education 
—to many community projects including 
Health Department Well Baby conferences 
and dental clinics, industrial plants, the 
local hospital, and the girl and boy scout 
chapters. Each year the Newton Nutrition 


Center puts on an evening program for the 


local medical society and also for the local 
dental society. It runs a column in the 
weekly community newspaper. Posters and 
exhibits are displayed in all suburban rail- 
way stations and branch libraries. 

In conclusion, may I simply state that 
medical and public education in nutrition 
are both feasible and desirable—feasible in 
that because of the broad importance of the 
subject, nutrition fits in well with the stand- 
ard curricula whether of the medical school, 
the elementary schools, or the ordinary ac- 
tivities of community life; desirable in that 
a knowledge of good food and good nutri- 
tion will lead to sounder bodies, better 
minds, and hence will help to make a more 
understanding physician and a public better 
fitted for those common spheres which, as 
citizens and heirs of a joint culture, they 
will share with others. 

Freprick J. STARE 

Schools of Medicine and Public Health 
Harvard University 

Boston, Mass. 


PRESENT KNOWLEDGE OF THIAMINE IN NUTRITION (PART II) 


Acute thiamine deficiency and chronic 
thiamine deficiency appear to present dif- 
ferent clinical pictures. More extensive 
studies are required to separate ‘chronic 
thiamine deficiencies” from multiple defi- 
ciency states. In this connection it should 
be recalled that the major portion of the 


studies on the relation of ‘‘vitamin B”’ to 
gastrointestinal function was carried out 
using rather crude experimental diets. The 
demonstration that pteroylglutamic acid 
corrects certain absorptive defects in the 
deficiency disease sprue (W. J. Darby, E. 
Jones, and H. C. Johnson, J. Am. Med. 
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Assn. 130, 780 (1946)) makes a reinvestiga- 
tion of this aspect of the physiology of 
thiamine desirable. 

Laboratory methods for the detection of 
thiamine deficiency in man are still needed. 
Either four hour urinary load tests or mere 
determinations of urinary thiamine excre- 
tion may differentiate between persons with 
very high or moderate and low thiamine 
intakes (Nutrition Reviews 1, 103 (1948); 
3, 240 (1945)). The primary value of these 
tests in individual cases is in ruling out 
thiamine deficiency. One existing report of 
urinary thiamine excretion indicated that 
patients suffering from acute or prolonged 
chronic beriberi showed no excretion of 
vitamin B; in the urine (method not stated) 
(H. C. Hou, Chinese Med. J. 61, 244 (1943)). 
Pyruvie acid determinations, either fasting 
or after glucose, are useful under certain 
conditions, but the results are not always in 
accord with the other evidence (Nutrition 
Reviews 1, 148 (1948)) and many pathologic 
conditions may give rise to elevated pyruvic 
acid values. The interpretation of pyruvate 
values may be facilitated by simultaneously 
determining blood lactic acid and evaluating 
the blood pyruvate-lactate relation (E. 
Stotz and O. A. Bessey, /. Biol. Chem. 143, 
625 (1942)). Thiamine determinations on 
plasma or muscle biopsy cannot yet be 
interpreted with certainty (Nutrition Reviews 
3, 93 (1945)). Studies of cocarboxylase 
in blood deserve more investigation as 
methods for detecting thiamine deficiency 
(R. 8S. Goodhart and H. M. Sinclair, 
Biochem. J . 33, 1099 (1939); J. Biol. Chem. 
132, 11 (1940); R. 8. Goodhart, Jbid. 135, 
77 (1940)). Because of the reported de- 
crease in the thiamine content of leucocytes 
in thiamine deficiency (Nutrition Reviews 1, 
85 (1948)) and of the usefulness of measures 
of the ascorbic acid content of this tissue, 
further investigations of the significance of 
thiamine levels of the white cell-platelet 
layer might be profitable. There is little 
known of the results of most of these tests 
in clinical beriberi. Until this glaring defect 


is filled, differences of opinion as to the 
interpretation of the clinical significance 
of most of these measures will continue to 
exist. 

Knowledge of the requirements for thi- 
amine remains incomplete. The general 
tendency within the past few years has been 
to revise downward the estimates of the 
daily need of this factor, a trend reflected in 
the lowering of the Recommended Dietary 
Allowance of the National Research Council 
for thiamine to 0.5 mg. per 1000 calories 
(Nutrition Reviews 3, 287 (1945)). This is 
to be regarded as an “allowance,” not 
interpreted as a ‘‘requirement”’ (Ibid. 3, 323 
(1945)) and the Canadian Council on 
Nutrition has proposed an allowance of 
“between 0.2 and 0.4 mg. of thiamine for 
each 1000 calories; a mean value of 0.3 mg.”’ 
for planning food supplies (Ibid. 4, 39 
(1946)). Fixing a single figure as the 
requirement for thiamine will remain im- 
possible due to the variations in require- 
ments of different individuals (Ibid. 3, 323 
(1945)) and the relation of thiamine require- 
ments to the composition of the diet. Thus, 
in addition to fat, protein (Ibid. 1, 172 
(1943); 4, 130 (1946)) and, contrary to 
popular belief, aleohol (Ibid. 3, 356 (1945)) 
exert thiamine-sparing activity. Further- 
more, the possible availability of thiamine 
synthesized by bacterial flora of the 
gastrointestinal tract (Ibid. 2, 109 (1944); 
3, 147 (1945)) and the effects of the ingestion 
of at least certain live yeasts in absorbing 
thiamine and thereby rendering it unavail- 
able for man (Ibid. 4, 45, 74 (1946)) all add 
to the difficulty of setting a single figure for 
thiamine requirements. The published data 
indicate, however, that in a population 
subsisting on a high carbohydrate (rice) 
diet, low in protein and fats, an average 
intake of thiamine of about 0.2 mg. per 1000 
calories is associated with the occurrence of 
beriberi within the population (H. C. Hou, 
loc. cit.). This figure is for the mean intake 
of a population, not a minimal requirement 
of an individual. For obvious reasons this 
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finding cannot be transposed to those 
populations consuming generous quantities 
of fats and protein. It is doubtful if high 
environmental temperatures increase thi- 
amine requirements (Nutrition Reviews 3, 
187 (1948)). 

No current estimate of the incidence of 
thiamine deficiency within the general 
population of the United States which is 
based upon comparisons of food consump- 
tion data with usual standards of intake can 
be regarded as valid until substantiated 
by other evidences of the existence of the 
deficiency. It is generally accepted that 
beriberi is rare in this country and does not 
constitute a public health problem. Clinical 
examinations have not revealed a high 
incidence of even mild thiamine deficiency 
(Nutrition Reviews 1, 72 (1948); 4, 46 
(1946)). As indicated later in this paper, 
the present evidence makes suspect the 
usefulness of neurologic examinations as 
means of detecting thiamine deficiency 
within the population. 

Considerable clarification of knowledge 
concerning the relation of thiamine to 
neurologic observations has occurred in the 
past few years. That peripheral neuritis 
can result from thiamine deficiency has been 
confirmed (Nutrition Reviews 1, 252 (1943)), 
but no therapeutic effects of thiamine could 
be demonstrated from prolonged administra- 
tion of large doses of thiamine to a group of 
young aircraft workers who exhibited ab- 
normal reflexes, calf muscle tenderness, 
plantar dysesthesia, or loss of vibratory 
sense (H. Borsook et al., Milbank Memorial 
Fund Quart. 24, 99 (1946)). Since the 
incidence of these latter signs have often 
been taken as indexes of the incidence of 
thiamine deficiency in the general popula- 
tion, the concept of the prevalence of a 
deficiency of this vitamin must be revised. 
The thiamine requirement in diabetes is not 
increased; hence it seems less likely that 
all diabetic neuritis is due to thiamine 
deficiency (Nutrition Reviews 4, 50 (1946)). 
Alcoholic polyneuritis is often associated 
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with demonstrable thiamine deficiency and 
responds to specific therapy (Ibid. 1, 148 
(1948)). The deficiency is due to a de- 
creased intake of thiamine by the alcoholic, 
not to a high ‘requirement of thiamine for 
the metabolism of the alcohol. 

The evidence is unconvincing that the 
frequently recommended large doses of 
thiamine are effective in the treatment of a 
number of stubborn clinical entities such as 
nausea and vomiting of pregnancy and tabes 
dorsalis (Nutrition Reviews 2, 182 (1944); 
3, 319 (1945)). The anorexia of childhood 
is seldom correctable by thiamine adminis- 
tration (P. C. Jeans, J. Am. Med. Assn. 120, 
913 (1942)). 

In experimental shock induced in dogs by 
hemorrhage the administration of thiamine 
lowered to normal the elevated keto acid, 
sugar, and lactic acid contents of the blood, 
and prolonged the survival time and in- 
creased the resistance of the animal to shock 
(Nutrition Reviews 3, 74, 89 (1945)). The 
enzymatically active form of thiamine in 
tissues is phosphorylated thiamine. In 
shocked animals the tissue thiamine becomes 
inactive due to dephosphorylation of the 
cocarboxylase (diphosphothiamine). A sim- 
ilar breakdown of cocarboxylase occurs 
in anoxic anoxia and in anoxia of heart 
muscle produced by occluding experimen- 
tally a coronary artery (Ibid. 3, 236 (1945)). 
That these phenomena are metabolic and 
that their reversal requires massive changes 
in thiamine concentrations in the organism 
seems indicated by the observation that 
there was no difference between thiamine 
deficient and control rats in their suscepti- 
bility to tourniquet shock (Ibid. 3, 316 
(1945)). 

The susceptibility of mice to the polio- 
myelitis virus is decreased by restricting the 
thiamine intake and this effect has been 
shown to be a specific one, not due to the 
inanition of deficient mice (Nutrition Reviews 
3,69 (1945)). The monkey, however, is no 
more resistant to poliomyelitis when suffer- 
ing from thiamine deficiency than when 
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receiving ample thiamine (P. F’. Clark, H. A. 
Waisman, H. C. Lichstein, and E. 8. Jones, 
Proc. Soc. Exp. Biol. Med. 68, 42 (1945)). 

This survey of the role of thiamine calls 
attention to the need for more correlated 
observations in efforts to unify the various 
segments of our knowledge of this essential. 
As examples of this need one may inquire 
as to the relationship, if any, which exists be- 
tween deranged keto-acid metabolism and 
the physiologic and pathologic lesions which 


occur in thiamine deficiency. What is the 
complete biochemical picture in beriberi? 
What actual dietary intakes of thiamine are 
associated with given blood and urinary 
levels or with certain results of load tests? 
Do such tests reflect body concentrations 
or enzymic concentrations? What is the 
significance for health of intermediate body 
concentrations of this vitamin? These are 
some of the questions which it is hoped will 
be answered within the next few years. 


TOXICITY OF ZINC FOR RATS 


W. R. Sutton and V. E. Nelson (Proc. 
Soc. Exp. Biol. Med. 36, 211 (1937)) estab- 
lished, some years ago, that excess dietary 
zine produced an anemia, subnormal growth, 
and reproductive failure. A thorough re- 
view (D. M. Hegsted, J. M. McKibbin, and 
C. K. Drinker, Pub. Health Reports, Suppl. 
no. 179) dealing with the biologic, hygienic, 
and medical properties of zine and zinc 
compounds was published in 1945. 5S. E. 
Smith and E. J. Larson (J. Biol. Chem. 
163, 29 (1946)) confirmed and extended 
these observations. These workers directed 
their attention particularly to problems 
concerning the interaction of the trace 
elements upon one another, which they 
regard as being ‘of immediate concern.” 
Examples of such interaction have been 
reported in recent years by A. L. Moxon 
and M. Rhian (Physiol. Rev. 23, 305 (1943)) 
who demonstrated that traces of arsenic 
reduce the toxicity of selenium, and by W.S. 
Ferguson, A. H. Lewis, and 8. J. Watson 
(J. Agr. Sci. 33, 44 (1943)) who showed that 
cattle are poisoned when they graze in 
regions where the soil contains an unusually 
high concentration of molybdenum, but 
that dosing with copper salts would control 
the toxicity of the molybdenum. There 
is thus a possibility that the animals are to 
be regarded as suffering from a deficiency 
of copper induced by the excessive intake 
of molybdenum, although the copper intake 


provided sufficient copper in the absence of 
the large molybdenum intake. 

The effect of iron, copper, cobalt, and 
liver extract upon the hemoglobin level of 
rats rendered anemic by treatment with 
zine was studied by Smith and Larson (loc. 
cit.). Preliminary trials with 1 per cent of 
zinc in the diet showed that hemoglobin 
decreased to low levels in three to five weeks, 
the rats stopped growing, and many of them 
died before the end of six weeks. Symptoms 
observed included a rough unkempt appear- 
ance, walking with a highly arched back, 
and great irritability upon being handled. 
If a mixture of iron, copper, and cobalt 
salts was added to the diet as well as the 
zinc, the hemoglobin levels of the rats re- 
mained near normal for four to six weeks, 
but growth was greatly retarded. If liver 
extract (the liver extract powder of Lilly 
and Company) was added to the diet as well 
as zinc, there was similar, but less complete 
protection against anemia, but the growth 
rate was restored well towards the rate pro- 
duced by a stock diet. Thus the excess of 
dietary zinc was shown to have two separate 
effects, one upon hemoglobin level and the 
other upon growth rate. 

' Two final experiments were made to ex- 
amine these two phenomena. The pre- 
liminary experiments had shown that a level 
of 0.7 per cent of zinc in the diet produced 
a marked anemia yet permitted the rats to 
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live a relatively long time. This dietary 
level of zinc was therefore used for the later 
experiments. To study the effects of sup- 
plements upon the “zinc anemia,” a fac- 
torially designed experiment was set up with 
sixteen groups. All rats were maintained on 
the diet containing 0.7 per cent zinc, and 
the various groups received in addition 
iron, copper, cobalt, and liver extract, alone 
or together in all possible combinations. 
There were 5 rats in each group. The levels 
of the daily supplements fed were: 2 mg. of 
iron as ferric pyrophosphate; 0.2 mg. of 
copper as cupric sulfate; 0.2 mg. of cobalt 
as cobaltous chloride, and 1 g. of liver 
extract. The rats used were of Sprague- 
Dawley stock, taken at 40 to 60 days of age, 
and maintained on the experimental diet 
for six weeks, being assigned to the various 
groups by a procedure of “randomization.” 
At the end of the six weeks 0.5 ml. of blood 
was obtained from each rat by heart punc- 
ture, and prevented from clotting with the 
aid of heparin. Duplicate determinations 
were made of hemoglobin, red cells, leuco- 
cytes, and the hematocrit volume. 

An analysis of variance of the hemoglobin 
levels showed that copper and liver extract 
gave a highly significant protection from 
the anemia, and that a significant further 
level of protection was afforded by the 
interaction of the effect of copper and liver, 
or of copper with iron and cobalt. 

A similar experiment was set up separately 
to study the effect of the supplements on 
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the growth inhibition caused by zine poi- 
soning, but fewer groups were used, as 
follows: no supplement, liver supplement, 
iron plus copper plus cobalt supplements, 
liver plus iron plus copper plus cobalt 
supplements. Rats were also maintained 
on the stock diet without zine for purposes 
of providing controls growing at the normal 
rate. Two groups of 5 rats, one of males 
and the other of females, were fed each diet 
for five weeks. 

Again an analysis of variance was made, 
and a highly significant effect of liver ex- 
tract in combating the growth inhibition 
due to zine was observed. The blood meas- 
urements were also made at the end of 
this experiment, when an even greater differ- 
ence between the groups was observed than 
in the first experiment. The rats receiving 
the high zine diet with no other supplement 
had a mean hemoglobin level of 8.36 g. per 
cent, those with a liver supplement 8.77 g., 
those with an iron plus copper plus cobalt 
supplement 12.86 g., while those on the stock 
diet had 16.04 g. hemoglobin per cent. 

The measurements of size, pigment, and 
number of the individual red cells showed 
that the zinc anemia is characterized by a 
decrease in size but not.in number of the 
cells. This study leads the authors to con- 
clude that it is an example of a “relative 
deficiency,” in which the deficiency of one 
mineral is not absolute but relative to an 
excess of another. 


NUTRITIONAL DIARRHEA 


W. R. Aykroyd and C. Gopalan (Indian 
Med. Gaz. 80, 68 (1945)) have described a 
syndrome which they have named “nutri- 
tional diarrhea,’ based on 54 cases seen in 
the Stanley Hospital, Madras, India. Be- 
fore this series of cases was recorded the im- 
pression had been gained by some members 
of the clinical staff, as well as by medical 
workers elsewhere in India, that niacin is of 


value in chronic diarrhea occurring without 
obvious causation in malnourished subjects. 
It was decided therefore to make a sys- 
tematic study of the effect of treatment with 
niacin. All of the cases chosen for study had 
chronic diarrhea, but cases of known causa- 
tion, which included sprue, chronic ame- 
biasis, and tuberculous enteritis were 
excluded. In the period of the study, 54 
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eases of chronic diarrhea which did not 
belong to any of the known groups were 
seen. 

The study included complete clinical 
examination, and a microscopic and bac- 
teriologic study of the feces. Fat analysis 
of the stool was made for 41 patients, frac- 
tional gastric analysis for 42 patients, and 
blood examinations in 46 patients. Unless 
they were sick enough to demand immediate 
treatment, the patients were kept under 
observation in bed and treated with placebos 
for several days to exclude bed rest and 
change of diet as curative agents. The 
diet given was the hospital liquid diet, 
consisting mainly of arrowroot conjee. 
The cases chosen for study presented well 
marked and uniform signs and symptoms, 
which in the opinion of the authors deserve 
recognition as a specific clinical entity. 

The patients belonged to the poorest 
classes and all were rice eaters living mostly 
on rice and vegetables, with no milk, meat, 
or eggs. They were chiefly women of middle 
age. In 50 of the 54 cases treatment with 
niacin was followed by a striking response. 
Within three days the diarrhea had begun 
to subside and in 50 cases was cured in 
twelve days. In 4 cases of great severity, 
where the diarrhea was accompanied by 
gross emaciation and edema, the disease 
progressed unchecked and death resulted. 
The niacin was given parenterally, 50 or 
75 mg. daily for mild cases, and 100 or 150 
mg. for severe cases. Within two months 
of discharge from hospital 11 cases reap- 
peared, and again showed the striking im- 
provement on treatment with niacin. 


The patients all had glossitis, which ap- 
peared with the onset of diarrhea or else 
preceded it; usually they showed severe 
malnutrition or emaciation, and often edema 
was present. Hypochlorhydria or achlor- 
hydria were constant findings. They did 
not have dermatitis which responded to the 
niacin treatment, or dementia, so that the 
condition differs from classic pellagra. The 
problem presented by the difference between 
the two syndromes is discussed briefly 
by the authors. It is also pointed out that 
the recognition of the nutritional diarrhea 
syndrome had been made earlier by A. 
McKenzie in East Africa (East African Med. 
J.17, 30 (1940)), who did not, however, in- 
vestigate the effect of niacin, but found a 
high protein, high vitamin diet curative. 

The patients described by Aykroyd and 
Gopalan bear a close resemblance to those 
regarded as displaying an early deficiency 
of one or more members of the vitamin B- 
complex by J. M. Ruffin (Med. Clin. North 
America 27, 485 (1943)), although the diar- 
rhea was not an essential part of the condi- 
tion described by Ruffin. 

In view of the hypochromic anemia seen 
in the majority of Aykroyd and Gopalan’s 
cases, it is to be expected that some of their 
patients may respond to niacin therapy with- 
out clearing of the mouth symptoms since 
W. J. Darby (J. Am. Med. Assn. 130, 
830 (1946)) has drawn attention to similar 
mouth lesions which fail to respond to multi- 
vitamin therapy but do respond to iron 


therapy. 


INFANTILE THIAMINE DEFICIENCY 


W. R. Aykroyd and B. G. Krishnan 
(Indian J. Med. Res. 29, 703 (1941)) have 
reported cases of infantile beriberi in the 
Northern Circars area of the Madras Presi- 
dency, where machine-milled raw rice is con- 
sumed by all sections of the population and 


beriberi in adults iscommon. They observed 
in three towns of this area that a peak 
in infant mortality occurred at the fourth 
month of life, while in towns outside the beri- 
beri area this peak did not occur. Beriberi 
was concluded to be the chief cause of the 
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observed peak of infantile mortality, al- 
though no direct evidence was available on 
the prevalence of the disease in infants. 

As a sequel to the study of Aykroyd and 
Krishnan, a further investigation which 
confirms their conclusion and _ indicates 
means of attacking an important public 
health problem by the use of synthetic 
thiamine was undertaken by B. G. Krishnan, 
S. Ramachandran, and K. Sadhu (Indian 
Med. Gaz. 80, 521 (1945)). These authors 
remark that “infantile beriberi” is not a 
satisfactory name for this syndrome, since 
in its symptomatology it does not closely 
resemble adult beriberi in its classic forms. 
The infantile disease “appears to be much 
closer to an unmixed single vitamin defi- 
ciency than any other condition reported 
in human beings.” The local population of 
the Northern Circars uses the word “‘anasa”’ 
to describe the disease, but this term is 

regarded as unsuitable for introduction into 
~ medical nomenclature since it is also some- 
times applied to other infantile diseases. 
“Thiamine deficiency in infants’’ is a pre- 
cise but clumsy name. A graphic account 
of the disease seen among infants in the 
Cirears was given by W. R. Aykroyd (J. 
Assn. Med. Women India 31, 41 (1943)) 
and is reprinted by Krishnan and co-workers 
(loc. cit.). The danger to the life of an 
infant after the appearance of signs of acute 
infantile beriberi is stressed, and the swift 
death is exemplified by the description given 
by a mother that her infant “turned blue, 
sighed and died.” 

From 1942 until April, 1945 a test was 
made of the effect of curative and preventive 
measures, using synthetic thiamine, at a 
municipal infant welfare center in the town 
of Cocanada, near the shore of the Bay of 
Bengal. During the period of observation, 
1145 infants suspected of having thiamine 
deficiency were treated by injection of the 
vitamin. About 8 per cent were acute, 
fulminating cases, 85 per cent subacute, and 
7 per cent chronic cases. The chronic cases 
were mostly over 6 months of age; the peak 
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incidence was at 2 to 4 months of age. The 
majority of mothers showed signs of periph- 
eral neuritis, but some were free from any 
signs. 

Of the infants treated, 980 were discharged 
as cured but 16 died; the latter were brought 
to the clinic in a very acute or even moribund 
state. In 68 of the cured infants, there was 
a recurrence after fifteen to ninety days, 
which was again successfully controlled by 
thiamine. Recurrence was uncommon 
among infants of mothers given thiamine 
tablets for daily dosing. 

Preventive measures attempted were to 
supply thiamine tablets to mothers for three 
months preceding and six months following 
delivery. The dose was 1 mg. of thiamine 
daily. Of 54 mothers who had previously 
lost babies from “anasa”’ and showed periph- 
eral neuritis, the infants of 28 developed 
thiamine deficiency despite prophylactic 
treatment of the mother. The infants re- 
sponded to curative injections of thiamine. 
In a similar group of 12 women not treated 
prophylactically, there were 4 stillbirths 
and the 8 living infants all developed thia- 
mine deficiency. 

The authors consider that their work 
has established that infantile thiamine de- 
ficiency is common in Cocanada and sur- 
rounding areas, and that it is an important 
public health problem calling for suitable 
public health measures. The authors feel 
that there should be no difficulty in estab- 
lishing treatment centers throughout the 
beriberi areas, since synthetic thiamine tab- 
lets are cheap, but that prevention by the 
use of the synthetic material is more difficult. 
The necessary dose is still unknown, since 
the 1 mg. dose used was insufficient, although 
it was not without effect. The difficulties 
of organization and of accustoming the 
people to preventive measures are considered 
to be insurmountable at present. 

The best method of eradicating the 
disease, it is thought, would be “the all- 
round improvement of the diet, so that it 
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contains less rice and more pulses and other 
foods,” but this could be achieved only “by 
long term measures to adjust and increase 
agricultural production and improve the 
economic condition of the people.”’ A pos- 
sible means would be the introduction of 
parboiled or converted rice, if the local 
population, long accustomed to raw rice, 


would accept it. Perhaps the most valu- 
able results could be attained by an ex- 
tension of curative measures employing the 
synthetic vitamin, which should be made 
widely available. The authors consider 
that this offers the possibility of saving many 
infant lives, as well as improving the health 
of infants. 


MICROORGANISMS AND NUTRITIONAL RESEARCH 


Although there is wide divergence between 
animal and plant nutrition, the investigation 
of the nutritive requirements and of the 
metabolism of intermediate forms of life, 
such as protozoa, viruses, bacteria, yeasts, 
and molds, has proved of inestimable value 
in the advancement of the science of animal 
nutrition. The essential amino acid, me- 
thionine, was recognized as the result of a 
study of the growth requirements of hemo- 
lytic streptococci (J. H. Mueller, J. Bact. 
7, 325 (1922); J. Biol. Chem. 56, 157 (1923)). 
Knowledge of the indispensability of certain 
nutrients for normal growth has permitted 
the development of convenient microbio- 
logic methods for the estimation of both 
amino acids and vitamins (Nutrition 
Reviews 3, 357 (1945); 4, 82, 113,153 (1946)). 
Related to this subject is the role of intestinal 
bacteria in human and animal nutrition 
(Ibid. 3, 35, 48 (1945) ;4,76, 116, 186 (1946)). 

Innumerable species and strains of micro- 
organisms exist and it is not surprising that 
many references to new and unidentified 
bacterial nutrients have appeared in the 
scientific literature (J. H. Mueller, Ann. 
Rev. Biochem. 14, 733 (1945)). Illustrative 
of this type of investigation is the report of 
V. H. Cheldelin and T. R. Riggs (Arch. 
Biochem. 10, 19 (1946)) who have shown that 
Lactobacillus gayoni 8289 will not grow well 
on a medium containing hydrolyzed casein, 
peptone treated with norit, yeast treated 
with Lloyd’s reagent, glucose, cystine, 


tryptophane, adenine, guanine, uracil, thy-. 


mine, thiamine, riboflavin, niacin, panto- 


thenic acid, pyridoxine, para-aminobenzoic 
acid, biotin, folic acid (pure liver folic acid 
or a spinach concentrate), and mineral 
salts. The essential nutrient removed by 
treatment of the peptone and yeast has not 
yet been identified but it was demonstrated 
that the deficiency in the treated medium 
was not overcome by the addition of any one 
of sixty-six different organic compounds 
and concentrates of growth factors. This 
formidable list included the amino acids 
derived from protein and ten others not 
normally present in protein, inositol, cho- 
line, asparagine, glutamine, ornithine, glu- 
tathione, yeast nucleic acid, xanthine, 
hypoxanthine, xanthopterin, coenzymes I 
and II, various “folic acids,” and many 
pyridine and pyrimidine derivatives. Abun- 
dant growth resulted from the addition of 
extracts of liver, yeast, and many vegetables. 
Liver was the richest source of the so-called 
gayoni factor. Cabbage contained one- 
half as much as liver on a dry weight basis. 
The potency of the liver extract was in- 
creased tenfold by prior incubation of the 
liver with takadiastase and papain. 

In marked contrast to the growth require- 
ments of L. gayoni 8289, satisfactory growth 
of Bacillus anthracis has been obtained on a 
relatively simple synthetic medium con- 
taining amino acids, glucose, glutamine, 
uracil, adenine, guanine, and thiamine (C. 
R. Brewer et al., Arch. Biochem. 10, 65 
(1946)). The amino acid mixture used in 
these experiments was patterned after the 
composition of casein and no attempt was 
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made to determine which acids were in- 
dispensable for the growth of the organism. 

Lactobacillus arabinosus, which is widely 
used in the quantitative estimation of both 
vitamins and amino acids, may utilize in- 
dole and anthranilic acid as substitutes for 
tryptophane (E. E. Snell, Arch. Biochem. 
2, 389 (1943)). B. S. Schweigert, H. E. 
Siuberlich, C. A. Baumann, and C. A. 
Elvehjem (Ibid. 10, 1 (1946)) have investi- 
gated the extent of interference of these 
compounds in the determination of trypto- 
phane in natural materials by means of L. 
arabinosus. The tryptophane activity of 
indole and anthranilic acid was slight in the 
presence of tryptophane. The urine of 
rats did not contain sufficient indole to 
affect determinations of its tryptophane 
content. The interference of this substance 
may be overcome either by its extraction 
with ether (R. D. Greene and A. Black, 
Proc. Soc. Exp. Biol. Med. 54, 322 (1943)) 
or by the use of Streptococcus faecalis which 
cannot utilize indole (B. 8. Schweigert 
et al., loc. cit.). 

The mechanism of the bacteriostatic action 
of sodium propionate on Escherichia coli 
has been studied by L. D. Wright and H. R. 
Skeggs (Arch. Biochem. 10, 383 (1946)). 
The synthesis of pantothenic acid by this 
organism was stimulated by the inclusion 
in the medium of beta-alanine or of beta- 
alanine plus pantoy! lactone, but not by the 
latter alone. This suggested that the syn- 
thesis of beta-alanine was the limiting factor 
in the formation of pantothenic acid and 
that sodium propionate owed part of its 
toxic action to a competitive interference 
with the synthesis or utilization of the 
structurally related beta-alanine. The addi- 
tion of small amounts of beta-alanine or of 
pantothenic acid reduced the bacteriostatic 
effect of propionate so that it was no more 
toxic than its homologues, acetate and butyr- 
ate. The reversal of the propionate effect 
by beta-alanine was specific for Escherichia 
coli. Several vitamins, amino acids, and 
other compounds were tested but none 
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showed the beta-alanine activity. Adenine 
sulfate and biotin exhibited a synergistic 
effect with sodium propionate in inhibiting 
the growth of the organism. 

No evidence of the occurrence of ascorbic 
acid, alpha-tocopherol, and vitamins A and 
D in fungi was obtained by D. Gottlieb 
and G. M. Gilligan (Arch. Biochem. 10, 
163 (1946)) who examined six types: Al- 
ternaria solani, Thielavia terricola, Rhizoc- 
tonia solani, Helminthosporium sativum, 
Fusarium monilforme, and Fusarium oxy- 
sporum f. lyeopersici. Vitamin A and caro- 
tenoids are similarly absent from most yeasts 
but not from an intensely pigmented variety, 
Rhodotorula rubra. J. Bonner, A. San- 
doval, Y. W. Tang, and L. Zechmeister 
(Ibid. 10, 113 (1946)) have studied polyene 
biosynthesis in seven mutant strains of 
Rhodotorula which were artificially pro- 
duced by ultraviolet irradiation. These 
varied in color from red through brownish- 
yellow to colorless. The pigment from 
the original red yeast consisted largely of the 
intensely red torulene with smaller amounts 
of beta- and gamma-carotene and of an 
unidentified carotenoid. Phytofluene, a col- 
orless polyene-hydrocarbon with isoprenic 
structure, was also present in the pigmented 
mutants. Relatively little torulene was 
found in the less highly colored strains. A 
second unidentified pigment occurred in the 
brownish-orange mutant. The formation of 
pigments and of phytofluene was apparently 
blocked in the two colorless strains. The 
data suggested that the colorless polyene, 
phytofluene, was a normal precursor of the 
carotenoids. No attempt was made to 
correlate the biosynthesis of the various 
polyenes with the nutritive requirements 
of the mutant strains. 

These references to a few of the current 
studies involving microorganisms illustrate 
the diversity of the problems and the po- 
tential value of the results for the under- 
standing of biochemical processes. The 
“incredibly close relation between the nu- 
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trition of animals and that of microor- 
ganisms” (J. H. Mueller, Ann. Rev. Biochem. 
14, 733 (1945)) makes the bacterial culture 
a convenient and powerful tool in nutritional 
research, a statement of unusual signifi- 
cance if one recalls the contributions of this 
experimental method to the elucidation of 
the nature and functions of folic acid. 
Metabolism in microorganisms is not simple 
but it is probably less complicated than that 


in animals. The variety of types and the 
demonstrated possibility of production of 
new mutant strains with changed metabolic 
characteristics present extraordinary op- 
portunities for the recognition of new com- 
pounds of biochemical importance and for 
the investigation of metabolic reactions, 
particularly of those in which the results 
of animal experimentation are limited almost 
exclusively to the catabolic phases. 


UTILIZATION OF HOMOCYSTINE FOR GROWTH BY THE RAT 


Although it is generally accepted that 
methionine is an essential amino acid which 
can be replaced by a mixture of homocystine 
and choline but not by homocystine alone or 
by cystine alone, there have been known 
since the beginning of investigations in this 
field a number of apparent contradictions 
to the observation that homocystine without 
choline cannot replace methionine. 

A. White and E. F. Beach (J. Biol. Chem. 
122, 219 (1937)) found that when arachin 
served as the chief source of nitrogen in an 
otherwise nutritionally adequate diet, the diet 
was incapable of supporting good growth, 
and that the nutritional inadequacy of 
arachin was due to its indigestibility, as 
had been previously claimed. The addi- 
tion of methionine to the diet produced a 
considerable growth response, while cystine 
produced a much smaller response and homo- 
cystine an intermediate response nearer in 
magnitude to that of methionine. Although 
based on only 2 rats, this result appeared 
significant because, like methionine but 
unlike cystine, homocystine stimulated an 
immediate increase in food intake when 
added to the arachin diet. A similar result 
with a diet in which the protein was replaced 
by a mixture of amino acids was also re- 
ported by E. Brand (J. Biol. Chem. 123, 
XV (1938)). 

V. du Vigneaud, J. P. Chandler, A. W. 
Moyer, and D. M. Keppel (J. Biol. Chem. 
131, 57 (1939)) who established that homo- 


cystine alone could not replace methionine 
in the diet, while they found that this held 
true for most of their rats, nevertheless re- 
ported that among their rats there was an 
“occasional animal which has been capable 
of showing some growth on the homocystine 
diet without added choline. It appears to 
us that the explanation of this behavior 
probably lies in the phenomenon of re- 
fection; or else certain factors are operating 
of which we are not yet cognizant.” 

A further investigation of the problem was 
made by M. A. Bennett, G. Medes, and G. 
Toennies (Growth 8,59 (1944)), using a choline 
free diet in which the only sulfur-contain- 
ing amino acid supplied was homocystine. 
The methionine-free and choline-free basal 
diet was highly simplified, consisting of 
synthetic amino acid mixture 19, dextrin 
30, sucrose 15, salt mixture 4, agar 2, and 
corn oil 30 parts. The corn oil was thor- 
oughly washed with acid and water to free 
it of traces of choline, and the amino acid 
mixture was found to contain only 0.05 
per cent of methionine. When rapidly 
growing young rats were taken from a stock 
diet and put on the basal diet devoid of 
methionine, cystine, homocystine, and chol- 
ine, the rapid growth was at once stopped, 
and a rapid decline in weight began. 

Administration of 36 mg. or more daily of 
homocystine reversed the weight loss, and 
seemed to support a sustained slow rate of 
growth. About half of the rats showed a 
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continued increase in weight for eighty 
days and the remainder leveled off or showed 
a slow decline, or else displayed character- 
istic symptoms of anorexia, rapid weight 
loss to emaciation, hunched posture, and 
listlessness, with signs of dehydration, and 
finally recovered. These symptoms pre- 
sumably are due to a deficiency of choline, 
and are accompanied by the hemorrhagic 
kidneys and fatty livers as shown at autopsy. 
The growth response to homocystine was 
found to be elicited only when the homo- 
cystine supplement was mixed with the basal 
ration, and not when it was fed separately. 
No explanation of the difference in results 
from those obtained by V. du Vigneaud 
and his co-workers, even when their ex- 
perimental conditions were substantially 
the same as those used by V. du Vigneaud, 
was given. Parallel analytical observations 
on the carcasses of the rats were made at 
the same time by G. Medes, N. F. Floyd, 
and M. 8. Cammaroti (Growth 8, 89 (1944)), 
who demonstrated that synthesis of methio- 
nine and formation of cystine occurred in the 
rats receiving homocystine as the sole S-con- 
taining amino acid and no choline. 

Further facts contributing to our knowl- 
edge were established by V. du Vigneaud, S. 
Simmonds, J. P. Chandler, and M. Cohn 
(J. Biol. Chem. 159, 755 (1945)). Using 
rats which were given a sufficient quantity 
of dietary labile methyl groups, they were 
given by injection and by mouth sufficient 
heavy water over a period of three weeks 
to raise the concentration of deuterium 
oxide in body fluids to 3 atom per cent ex- 
cess. The rats were then killed and choline 
isolated from the tissues for analysis; it 
was found to contain 0.25 atom per cent 
excess of deuterium in the methyl groups. 
Thus, despite an adequate supply of methyl 
groups, in the food, synthesis of a compound 
supplying methyl groups (choline) occurred 
to a small extent in the body or in the micro- 
organisms of the intestinal tract. The 
authors considered that in the light of our 
present knowledge the latter site of syn- 
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thesis of the labeled choline was much more 
probable. It is clear that if the intestinal 
flora can supply a small quantity of choline 
to the host animal, then the rat will in effect 
be absorbing a mixture of homocystine and 
choline when it is fed a diet containing only 
homocystine, and the amount of choline may 
suffice for the formation of sufficient me- 
thionine to maintain slow growth, even if 
insufficient to prevent signs of choline de- 
ficiency. 

A renewed attack on the problem has also 
been made by M. A. Bennett and G. Toen- 
nies (J. Biol. Chem. 163, 235 (1946)) who 
have investigated the effect of previous diet 
treatments and of feeding various liver frac- 
tions during the experimental periods on the 
ability of the rat to grow on methionine- 
free choline-free diets containing homo- 
cystine. It was demonstrated that rats of 
the strain used by V. du Vigneaud and co- 
workers are able to make some growth on the 
homocystine-containing, methyl-free diets 
under the same conditions used previously 
by the authors, even though the growth rate 
was less than with the strain of rats used by 
the Philadelphia workers. 

With the strain of rats which they had 
previously used, M. A. Bennett and G. 
Toennies (loc. cit.) now showed that if 2 
per cent of succinylsulfathiazole was added 
to the diet containing homocystine but no 
methyl donors, the rats were unable to 
grow, although they grew if methionine or 
choline were also added. Moreover they 
grew if a sufficient quantity (60 to 80 mg.) 
of liver extract was given, without the me- 
thionine or choline. The authors concluded 
that the liver extract supplied some factor 
which enables a partial utilization of the 
homocystine to occur, but offer no clue 
to the nature of this factor. It was es- 
tablished by direct analysis that the liver 
extracts contained far too little methionine 
cr choline to have produced the observed 
results directly. It appears therefore that 
the pre-experimental diet can affect the 
ability of the rat to grow on a diet containing 
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homocystine but no methyl donors, in so 
far as it promotes the establishment of a 
rich intestinal flora capable of synthesizing 
enough choline to support life. 

M. A. Bennett (J. Biol. Chem. 163, 
247 (1946)) also reported in another paper 
that rats of another strain which could not 
grow on the homocystine-containing diet, 
when kept on an unusually high quality 
stock diet bore second-generation offspring 
which possessed the ability to grow on that 
diet. Further, she found that rats which 
had lost the ability to utilize the homo- 


cystine of the experimental diet after one 
hundred and thirty-eight days with 2 per 
cent of succinylsulfathiazole in the diet, 
when given the stock diet for three weeks 
were found to have regained the ability to 
grow on the homocystine diet. 

The authors consider that their results 
dealing with “pre-experimental”’ feeding 
period obtained in their most recent studies 
suggest that storage of some factor in the 
liver affects the ability of the rat to utilize 
the homocystine as well as to assimilate 
choline synthesized by the intestinal flora. 


REFECTION AND A MILK EFFECT IN RATS 


During the past four or five years there 
has been an active interest in the synthesis of 
vitamins in, and their absorption from, the 
gastrointestinal tract. The phenomenon 
of refection constitutes an important aspect 
of this subject. From the observation and 
study of this condition in rats some twenty 
years ago came the first clear demonstra- 
tion that vitamins produced by intestinal 
bacteria may be available to the host animal 
under conditions not involving extensive 
coprophagy. The results obtained in these 
experiments have had a continuing influence 
on the development of the science of nu- 
trition even though most workers have since 
attempted to avoid, rather than to develop 
refection in their experimental animals. 
F. G. Hopkins and V. R. Leader (J. Hygiene 
44, 149 (1945)) have encountered this con- 
dition in their studies of the effect of small 
quantities of milk on the rate of growth of 
rats and have added several points of interest 
to our knowledge of the subject. 

Refection was described in 1926 by L. 8. 
Fridericia (Skand. Arch. Physiol. 49 Abstracts 
of communications to the Twelfth Internat. 
Physiol. Congress p. 129 (1926)) who de- 
fined it as a transmissable change in 
the intestinal content enabling rats to grow 
and thrive without “‘B vitamin” in the food. 
Of animals receiving a deficient diet con- 


taining uncooked rice-starch, a small per- 
centage only became refected spontaneously 
but the condition could be transmitted 
routinely to animals on this diet by feeding 
them feces from refected animals (L. 8. Fri- 
dericia et al., J. Hygiene 27, 70 (1927)). 
Such feces were described as white and bulky 
and were shown to contain unusually large 
amounts of ‘‘vitamin B” as well as large 
amounts of undigested starch. The authors 
suggested that the nature of the intestinal 
flora might be a critical factor but were 
unable to identify any particular infective 
agent. Investigations, carried out by these 
and other workers, indicated that refection 
could be most readily produced by the use 
of raw undextrinized potato starch, and that 
it was associated with vigorous bacterial 
growth and usually, with an acid condition 
in a greatly enlarged cecum. The initiating 
condition appeared to be the passage into 
the cecum of undigested starch. No specific 
organism has been identified as responsible 
for the appearance of the phenomenon. 

F. G. Hopkins observed in 1912 that very 
small amounts of milk promoted growth in 
rats on an otherwise vitamin free diet 
(J. Physiol. 44, 425 (1912)). At this time 
such factors as refection, the effects of cop- 
rophagy, and the multiplicity of vitamins 
were as yet unrecognized. In a restudy of 
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the effect of milk, F. G. Hopkins and V. R. 
Leader employed weanling rats and a diet 
consisting of potato starch 40 per cent, cane 
sugar 17 per cent, vitamin free casein 
23 per cent, arachis oil 15 per cent, and salt 
mixture 5 per cent (Hopkins and Leader, 
loc. cit.). Many of the animals displayed an 
acute digestive disturbance with diarrhea 
and a distended cecum at about the seventh 
experimental day. Some succumbed at this 
stage and the survivors began to show re- 
fection. Of 77 rats on this diet 12 died from 
the acute digestive disturbance and 53 
of the remainder became fully refected. 
Refection might have been avoided by the 
substitution of any one of several other 
carbohydrates for the potato starch but 
curiously enough, the effect of the small milk 
supplement could not be demonstrated when 
rice-starch, dextrinized or cooked potato 
starch, or a sugar replaced the raw potato 
starch. Refection was prevented almost 
completely, however, without changing this 
carbohydrate and thus interfering with the 
study of the milk effect, by the use of rough- 
age under carefully defined conditions. 
The incorporation of roughage into the diet 
was not successful but good results were 
obtained by feeding filter paper soaked in 
sucrose just prior to offering the day’s 
supply of food. Only 11 of 155 rats fed 
filter paper in this manner became refected; 
the cecums of the protected animals were 
found to contain remarkably few organisms. 

Despite the dependence of both refection 
and the milk effect on the presence of potato 
starch in the diet the two situations were 
clearly shown to be different. Refection 
could be prevented by the use of roughage 
as described. When the condition was al- 
lowed to develop, the cecums contained 
very large numbers of organisms, the cecal 
contents were markedly acid, and each rat 
gained 16 to 20 g. weekly. Animals receiving 
the milk supplement (3 ml. daily), on the 
other hand, gained only 9 to 10 g. weekly but 
this gain in weight could not be prevented 
by the use of filter paper as roughage. The 
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cecums of rats receiving the milk contained 
relatively few microorganisms and the cecal 
contents showed a neutral or slightly alkaline 
reaction. In addition to these differentia- 
ting characteristics, withholding the milk 
was followed almost immediately by weight 
losses which would not have occurred had 
refection been established in these animals. 
In some instances, the daily 3 ml. of milk 
was given to refected rats; under these 
conditions administration or withdrawal 
of this supplement did not influence the 
condition or the weight behavior of the 
animals. 

Hopkins and Leader studied, further, the 
effect of various chemical procedures on the 
ability of raw potato starch, in conjunction 
with the milk supplement, to support long- 
continued growth. Extraction of the starch 
with acid, alkali, and alcohol had no effect. 
Digestion with pepsin and subsequent water 
extraction appeared to decrease the growth- 
promoting properties of the starch although 
the results obtained were somewhat erratic. 
The authors offered the suggestion that 
potato starch may contain a growth factor 
which is associated with protein in an in- 
soluble form and which may be rendered 
soluble by treatment with pepsin. They 
believe that coprophagy was of no impor- 
tance in these experiments and, in support, 
mentioned the experimental results of M. H. 
Roscoe (J. Hygiene 27, 103 (1927)) who 
showed that it was necessary for rats on a 
cooked starch diet to ingest at least 70 per 
cent of each previous day’s feces for an effect 
on growth to be demonstrable. 

That the nature of the carbohydrate used 
in a purified diet may greatly influence the 
ease of production of specific vitamin deficien- 
cies appears to be well established (Nutrition 
Reviews 1, 220 (1943)). This may result 
from impurities in certain of the carbohy- 
drates or from their differing effects on the 
synthesis of vitamins by intestinal bacteria, 
or from a combination of the two. The 
suggestion that the starch which most readily 
induces refection may contain an important 
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impurity is interesting although this ob- 
servation may have no bearing on the nature 
of refection. In the words of Hopkins and 
Leader “It is generally held that the in- 
fluence of potato starch in promoting re- 
fection is due to its relative indigestibility 
and its consequent accumulation in the 


caecum where it provides a suitable pabulum 
for the vigorous growth and activity of 
bacteria. Although in connexion with the 
growth on milk we have been led to suspect 
the presence of a growth-promoting factor 
in potato starch, the above view might still 
be true in the case of refection.” 


VITAMIN A, IN THE BODILY ECONOMY OF THE RAT 


Our knowledge of vitamin A had ad- 
vanced for a long time before evidence of the 
existence of a second form of the vitamin 
appeared, but in 1937 such evidence ap- 
peared from two sources. G. Wald had 
shown a year or two earlier the nature of the 
visual cycle which occurs in the retinas of 
some species of bullfrogs and of marine 
fish (Nature 132, 316 (1933); J. Gen. Physiol. 
18, 905 (1935); 19, 351, 781 (1936); 20, 
45 (1936)). The visual purple which exists 
in the dark adapted eye is transformed by 
light in the act of seeing into visual yellow, 
which is (unlike visual purple) not a com- 
pound but a mixture of a carotenoid sub- 
stance named retinene and a protein. The 
visual yellow changes on steady exposure to 
light into visual white, which is a mixture of 
vitamin A and protein; and on standing in 
the dark the vitamin A disappears from the 
retina and visual purple is re-formed. 

In extending his studies to other species 
of animals Wald found that the retinas of 
some freshwater fish contained a visual pig- 
ment different from the visual purple of 
seawater fish and frogs (rhodopsin); which 
he named porphyropsin (Nature 139, 1017 
(1937)). This served as a base for the oper- 
ation of a visual cycle corresponding ex- 
actly to that of the frogs and seafish, in 
which cycle there appeared a substance 
retinene, and a further substance vitamin 
A:. Porphyropsin and these two com- 
pounds correspond exactly to rhodopsin 
and the compounds of the vitamin A cycle 
respectively, having similar chemical prop- 
erties and similar absorption spectrums, 


with the single distinction that the wave- 
lengths of maximum absorption in the com- 
pounds of the vitamin A, series are nearer 
to the red end of the spectrum than for the 
corresponding compounds of the vitamin A 
series (J. Gen. Physiol. 22, 775 (1939)). 

In 1937 two groups of workers reported 
that some freshwater fish livers yielded oils 
which gave with antimony trichloride a 
blue color having a maximum absorption 
at 693 millimicrons wavelength in contrast 
to 620 millimicrons for vitamin A (E. 
Lederer, V. Rosanova, A. E. Gillam, and 
I. M. Heilbron, Nature 140, 233 (1937); 
J. R. Edisbury, R. A. Morton, and G. W. 
Simpkins, Jbid. 140, 234 (1937)). The 
former workers observed also that the un- 
treated freshwater fish liver oil showed an 
absorption maximum in the _ ultraviolet 
region at 340 to 350 millimicrons wavelength 
instead of at 328 millimicrons as for marine 
fish liver oils. 

A. E. Gillam, I. M. Heilbron, W. E. 
Jones, and E. Lederer (Biochem. J. 32, 
405 (1938)) found that vitamin A, possesses 
biologic activity for rats, and E. Lederer 
and F. H. Rathmann (Jbid. 32, 1252 (1938)) 
showed that vitamin A, fed to frogs and rats 
can be stored in the livers of those species. 
P. Karrer, A. Geiger, and E. Bretscher (Hel- 
vet. chim. acta (Suppl.) 24, 161E (1941)) 
examined the biologic activity of vitamin A, 
and concluded that it possessed no activity 
of its own, but that the samples tested had 
only such activity as was due to their con- 
tamination by small quantities of vitamin A. 

J. L. Jensen et al. (J. Biol. Chem. 149, 
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473 (1943)) prepared from the livers of 
northern pike a concentrate of vitamin A, 
which appeared to be devoid of vitamin A, 
and which nevertheless did possess biologic 
activity in the growth test. The concen- 
trate showed in the U.S. P. test an activity 
of 47,500 U.S. P. units per gram, only about 
1 per cent of the activity of vitamin A; 
and the additional observation was made 
that in large overdoses vitamin A, was more 
toxic than vitamin A. 

A later study from the same laboratories 
has reported detailed experiments concern- 
ing the functions of vitamin A in the body 
which might be taken over by vitamin A, 
(E. M. Shantz, N. D. Embree, H. C. Hodge, 
and J. H. Wills, J. Biol. Chem. 163, 455 
(1946)). To avoid confusion, the authors 
have defined an arbitrary unit of vitamin A, 
in terms of spectrophotometric measure- 
ments. The extinction coefficient at the 
peak of absorption in the ultraviolet (352 
millimicrons) is multiplied by the same 
“conversion factor’’ as is generally used with 
vitamin A itself to convert the extinction 
coefficient at 328 millimicrons into biologic 
units. 

A large group of rats at 24 days of age was 
placed on the U. 8. P. vitamin A test diet 
until signs of vitamin A deficiency appeared 
(usually after nine weeks). The rats were 
then separated into two groups, one of which 
(63 rats) was examined immediately, together 
with a group of 76 normal rats for com- 
parison. The second group (69 rats) was 
given a daily supplement to the test diet 
consisting of 100 “units” of vitamin A, ad- 
ministered orally in corn oil. The solution 
of vitamin A, was extracted from the livers, 
guts, and body fat of wall-eyed pike, and 
showed a maximum of ultraviolet absorption 
at 352 millimicrons with a subsidiary peak 
at 286 millimicrons; with antimony tri- 
chloride the blue color produced showed an 
absorption maximum at 695 millimicrons. 
Groups of rats were examined after three, six, 
and twelve weeks’ dosing with the vitamin 
A: so as to follow the changes which occurred 
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in levels of vitamins A and A, in the retina, 
blood, and liver. 

Before any group of rats was autopsied, 
they were kept overnight in a dark room and 
killed by decapitation in as dim a light as 
possible. The blood was collected, allowed 
to clot, and the serum taken. A number of 
the livers of the group were taken as a single 
pooled sample and stored under 95 per cent 
alcohol. The eyes were removed and placed 
in normal saline, and then transferred to 4 
per cent alum solution for about two hours; 
the lenses were removed and the retinas dis- 
sected out and placed in a phosphate buffer 
solution at pH 6.8, after which they were 
centrifuged and washed with the same solu- 
tion repeatedly. The washed retinas were 
ground with sand under 4 per cent sodium 
glycocholate solution and the volume made 
up to about 15 ml. After standing for an 
hour the mixture was centrifuged and the 
supernatant liquid poured off, all these op- 
erations being conducted with protection 
against light, to avoid bleaching of the visual 
purple. 

The spectrum of the pigmented solution 
was measured on the Hardy recording spec- 
trophotometer, the solution was then 
bleached by exposure to room light, and the 
spectrum of the bleached solution again 
measured. The difference between the 
spectrum before and after bleaching was 
taken as the absorption spectrum of the 
visual pigment itself, an assumption which 
is sufficiently close for the work under con- 
sideration. From the bleached visual purple 
solutions the retinene was extracted with 
benzene and the spectrum of its reaction 
product with antimony trichloride was re- 
corded. The blood serums and the livers 
were extracted in the usual way and the 
spectrums of the reaction products with 
antimony trichloride again obtained. 

The results, which were expressed graphi- 
cally, showed that the normal rats had a 
visual purple curve with maximum absorp- 
tion at 500 millimicrons, identifying the pig- 
ment asrhodopsin. The vitamin A deficient 
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rats also showed the presence of rhodopsin 
in the retinas, but in much smaller quanti- 
ties. The rats which had been rendered 
vitamin A deficient and then given vitamin 
As by mouth for twelve weeks had a visual 
pigment with the absorption curve displaced 
toward the red end of the spectrum, so that 
the maximum absorption was at 520 instead 
of 500 millimicrons; this shift of the absorp- 
tion indicated that about 90 per cent of the 
rhodopsin in the retinas of the vitamin A, 
fed rats had been replaced by porphyropsin. 
Thus the rat, which normally uses only vita- 
min A in its retinal pigment, can produce the 
typical vitamin A,-containing pigment por- 
phyropsin when it is deprived of vitamin A 
but provided with vitamin Ag. 

In the bleached visual purple solutions 
from the retinas, retinene was observed in 
normal rats by the absorption curve of its 
reaction product with antimony trichloride, 
with its maximum at 664 millimicrons; but 
no determination could be made whether 
retinene, occurred in the eyes of the rats fed 
vitamin A, because the limited range of the 
spectrophotometer prevented measurements 
being made at the wavelength of its maxi- 
mum absorption (706 millimicrons). The 
bleached retinas of normal rats were also 
found to contain about 0.75 1.v. of vitamin 
A per rat, an amount which decreased to 0.25 
I.U. per rat when they were rendered defi- 
cient. After dosing for three weeks with 
vitamin A», the retinas of deficient rats con- 
tained 0.831.v. of vitamin A per rat but no 
vitamin A», and after dosing for six weeks 
they contained 0.75 1.v. vitamin A and a 
trace of vitamin Ay. The retinas seem to 
pick up vitamin A, very slowly and maintain 
normal levels of vitamin A as long as 
possible. 

The normal rats of the colony had livers 
which contained 125 to 135 1.v. of vitamin A 
per gram, and the products of reaction of 
antimony trichloride with the liver oil 
showed the single characteristic absorption 
maximum at 620 millimicrons which is given 


by vitamin A. The corresponding curve for 
the extracts from the vitamin A deficient rats 
showed a maximum at the same wavelength 
but of much lower intensity, corresponding 
to less than 10 per cent as much vitamin A 
present. The liver level of vitamin A, 
corresponding to the daily dose used (100 
“units’”’) was quickly established and did not 
rise on prolonged dosing, but remained 
steady. 

The blood serum of the normal rats con- 
tained 0.7 to 1.0 1.v. of vitamin A per milli- 
liter, and that of the deficient rats contained 
only 20 to 25 per cent as much. After sup- 
plementation with vitamin A», some vitamin 
As appeared in the blood in three weeks, 
although a preponderance of vitamin A was 
still present; after twelve weeks the biood 
contained more vitamin A, than vitamin A. 
The blood differs from the liver in that it 
appears to retain vitamin A very tenaciously. 
This may possibly be due to the replacement 
of small stores of vitamin A in many body 
tissues by vitamin A», with release of the 
vitamin A to the blood. . 

This study established the ability of vita- 
min A; to replace, at least partially, vitamin 
A in general body functions. The vitamin 
A; supplements given to the vitamin A 
deficient rats caused the symptoms of the 
deficiency to disappear, caused continued 
survival and growth for the twelve weeks of 
the experiment, and caused the appearance 
of vitamin A, in the livers, the blood, and the 
retinas of the rats. After six weeks on the 
daily vitamin A, dose, 16 females were 
mated with 8 male rats. Eight of the fe- 
males became pregnant and delivered litters, 
but only one female raised her litter. This 
may indicate some specific body function in 
which vitamin A, cannot replace vitamin A. 
Evidence was also obtained that female rats 
cannot grow as well as male rats when receiv- 
ing vitamin A, in place of vitamin A: with 
neither sex was good growth observed, 
only about one-quarter to one-half a normal 
rate being obtained. 
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VITAMIN B-COMPLEX IN COW’S MILK . 


Recently studies on the thiamine, ribo- 
flavin, niacin, and pantothenic acid concen- 
trations in the colostrum and milk of the ewe 
and the cow have been described (Nutrition 
Reviews 4, 211 (1946)). In both species, the 
thiamine and riboflavin concentrations in 
colostrum were observed to be significantly 
higher than those in milk. In contrast, the 
pantothenic acid content of colostrum was 
found to be significantly lower than in milk, 
while no significant difference was observed 
between the niacin levels of these secretions 
in the cow. 

Similar studies on the niacin, pantothenic 
acid, and biotin contents of cow’s milk 
throughout lactation and in various seasons 
have been described by J. M. Lawrence, B. 
L. Herrington, and L. A. Maynard (J. Nu- 
trition 32, 73 (1946)). A gradual decrease 
in the niacin content of the milk through lac- 
tation up until at least the twenty-second 
week (from an average of about 0.7 to 0.5 
microgram per milliliter) was observed. 
The pantothenic acid concentration of cow’s 
milk increased from an average of about 1.5 
to 4.3 micrograms per milliliter during the 
first nine days of lactation, decreasing then 
to about 3.8 micrograms. There was an 
extreme variability of the biotin level in the 
colostrum period. There seemed to be an 
initial rise in the biotin concentration from 
an average of about 13 micrograms per liter 
to about 27 micrograms in the first three days 
of lactation, followed by a decrease to the 
normal level of about 18 micrograms. The 
standard deviations for the biotin values 
were large, which made the data appear less 
clearcut than for niacin and pantothenic 
acid. 

The relation of vitamin level to the season 
was determined by averaging all data except 
those obtained during colostrum and drying 
off. The niacin content of milk gradually 
decreased throughout the late winter and 
early spring and then increased until Octo- 


ber. There seemed to be a slight correlation — 
with pasture consumption. The biotin con- 
tent had no apparent relation to the time of — 
year. Insufficient data were obtained on 
the pantothenic acid level to permit a sea- 
sonal study. 

Considerable variation was observed in 
the vitamin content of the milk from indi- 
vidual cows and in the milk from any given 
cow from day to day. Attempts to relate 
these variations to milk yield, age of cow, 
caloric value of the milk, leucocyte count of 
the milk, percentage of fat or other solids 
were all unsuccessful. The niacin content 
was somewhat lower in Guernsey milks than 
in Jersey, Brown Swiss, and Holstein milks. 
For both biotin and pantothenic acid, there 
was a decreasing order of vitamin concen- 
tration in the following order: Brown Swiss, 
Jersey, Guernsey, and Holstein. 

The correlation coefficient between biotin 
and pantothenic acid levels was found to be 
0.29 which indicated that there was less than 
one chance in one hundred that this correla- 
tion was due to random distribution. This 
relation appeared to hold for all normal and 
abnormal milk samples studied. However 
in no case did the niacin concentrations 
parallel the course of biotin and pantothenic 
acid. 

Of considerable interest to public health 
workers were the investigations on the rela- 
tion of pasteurization and exposure to 
sunlight upon the vitamin content of milk. 
No losses of niacin, pantothenic acid, or 
biotin were observed during pasteurization, 
either by the batch, holder process, or by 
the continuous short-time, high temperature 
process which included a deaeration step. 
Similarly there were no losses of these vita- 
mins when a sample of pasteurized milk was 
exposed for two hours in a half pint bottle to 
February noonday sunlight at 9°C. The 
niacin content did not decrease during at 
least twenty-one weeks in the frozen state 


20 7 

| 
| 


1947) NUTRITION REVIEWS 21 


when stored at —14°C., and biotin was 
found to be stable for at least nineteen weeks 
under similar circumstances. 

The pantothenic acid levels observed by 
Lawrence et al. agree well with those of 
earlier workers, while the niacin content 
was slightly lower than previous values in 
the literature. Lawrence et al. felt that 


their lower niacin levels could be explained 
on the basis of individual variation among 
cows as several samples of market milk 
assayed by their procedure contained more 
niacin than did the milks collected experi- 
mentally. Similarly they felt that their 
cows yielded milk which contained slightly 
less biotin than market milk. 


RESULTS OF HIGH CALORIC FEEDING 


It is frequently assumed that the food 
capacity of normal human beings, and par- 
ticularly of ill or inactive persons, is confined 
to somewhat narrow limits. The common 
practice of giving fluid, or semifluid foods to 
acutely ill patients or to patients who have 
protracted fever is a well established custom. 
In recent years the parenteral administration 
of nutrients also has received considerable 
attention but reports of forced alimentation 
are not frequent. 

That many patients who have acute medi- 
cal and surgical conditions may die because 
they are not fed has been substantiated by 
reports coming from the military services 
during the past few years. Encountering 
various degrees of severe malnutrition in an 
overseas general hospital led J. I. Goodman 
and R. O. Garvin (Gastroenterology 6, 537 
(1946)) to observe the effects of giving large 
quantities of food to 78 soldier-patients. 

A program was developed whereby each 
patient received food yielding a minimum of 
5000 calories per day. The average food 
intake usually exceeded 5000 calories and 
provided 600 to 800 g. of carbohydrate, 150 
to 250 g. of protein, and 150 to 250 g. of fat. 
. The food was dispensed as three regular 
meals supplemented by hourly oral feedings 
continuing from 9 a.m. to 9 p.m. Since 
liquids occupy a volume in the stomach out 
of all proportion to the calories they furnish, 
fruit juices were replaced by powdered milk, 
to which was added sugar, powdered eggs, 
water, and vanilla so that 100 ml. of the mix- 


ture contained 187.5 calories. To assure 
that these ill and malnourished patients in- 
gested this much food, a special staff was 
trained to assist with the project. The 
weight of the patient and the caloric intake 
and its breakdown into grams of carbohy- 
drate, protein, and fat were recorded daily. 
Anorexia, nausea, and vomiting are com- 
mon impediments to good feeding during 
illness and convalescence and are obstacles 
which too frequently are not overcome. 
These patients were told carefully that the 
food intake was in the nature of medical 
treatment for their illness and in most cases 
a logical explanation of the importance of 
food for recovery sufficed to initiate eating. 
{If adequate food was consumed from the 
beginning of the illness, anorexia, nausea, 
vomiting, and malnutrition could be pre- 
vented and even if present these symptoms 
tended to disappear within forty-eight hours 
after high caloric feeding was instituted. 
Frequently loss of weight and weakness 
are considered as necessary sequelae to surgi- 
cal procedures or injury. Often the recov- 
ery from such physiologic debility is a long 
and tedious process. Goodman and Garvin 
present reports of cases which show that in 
severe or even less severe injuries attention 
to the patient’s nutrition will prevent to a 
great degree the disabilities commonly ex- 
hibited during the rehabilitation period. 
The prevailing system of feeding a patient 
who has fever a diet consisting solely of fluid 
or semifluid foods has little scientific founda- 
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tion. In the care of 10 patients who had 
acute and relapsing malaria Goodman and 
Garvin observed that high caloric intakes of 
food appeared to be utilized as well as by 
normal persons. Following acute episodes 
of malaria, headache, dizziness, nervousness, 
fatigue, and anorexia are common symp- 
toms. These symptoms, together with the 
usual weight loss of 10 to 12 pounds experi- 
enced during an acute episode of chills and 


fever of three to seven days’ duration, were . 


overcome by this regimen. 

In a group of 18 patients who had acute 
infectious hepatitis and were treated by this 
program, there was an average gain of 20 
pounds per patient over a mean hospitaliza- 
tion period of thirty-nine days. Groups of 
patients who had acute surgical conditions, 
neuropsychiatric disorders, gastrointestinal 
diseases, and malnutrition all received the 


NUTRITION REVIEWS 


[January 


high caloric regimen as a major part of treat- 
ment. The program is not advocated as a 
mode of therapy to be compared with estab- 
lished treatment in the care of some of these 
types of patients. However, at the termina- 
tion of the disease or injury these patients 
presented a normal state of nutrition as 
evidenced by gain of weight, a restored sense 
of well-being, and absence of weakness and 
fatigue. 

This research again stresses the impor- 
tance of maintaining a nutritional balance 
throughout the entire convalescent period of 
anillnessorinjury. It alsore-emphasizes that 
the human body has a great capacity for 
utilizing foodstuffs even under adverse con- 
ditions, and that by ingenuity, in many 
instances, oral feedings can replace feeding 
by the parenteral route. 


OCULAR CHANGES IN VITAMIN A DEFICIENCY IN THE RABBIT 


D. F. Moore (J. Trop. Med. Hyg. 43, 257 
(1940)) reported that in the Philippines half 
the children attending hospitals had xeroph- 
thalmia, and that in the Dutch East 
Indies, 4000 children in half a million were 
blind chiefly as the result of this condition. 
Although the main effects of vitamin A 
deficiency on the eye are now known with 
certainty, many details remain obscure. 
Thus, it is not certain how much of the eye 
change is primary and due to the epithelial 
change of the vitamin deficiency, and how 
much is secondary and due to infection 
or to changes in the lacrimal glands, the 
bone, or the nervous system. Furthermore, 
the precise time relationship between the 
various clinical signs and their relation to 
the level of vitamin A in the blood have yet 
to be elucidated. This was the object of 
the study reported by I. Mann, A. Pirie, 
K. Tansley, and C. Wood (Am. J. Ophth. 
29, 801 (1946)). 

Sixty rabbits of mixed laboratory stock 
were used; of these, 50 were rendered 


vitamin A deficient and 10 were litter mate 
controls. The deficiency was induced in 
two age groups, the first being composed of 
healthy weaned rabbits placed on a vitamin 
A deficient diet at 5 to 7 weeks of age, while 
the second and larger group was younger, 
their nursing does having been put on a 
vitamin A deficient diet as soon after birth 
as possible. Vitamin A determinations were 
made by a modification of the method of 
S. Yudkin (Biochem. J. 35, 551 (1941)). 
When signs of deficiency had reached the 
desired stage, one eye of the experimental 
rabbit was removed for sectioning, and 
portions of the conjunctiva, lids, and 
lacrimal and Harderian glands were taken | 
at the same time. The animals were then 
treated with vitamin A and _ progress 
toward cure was observed in the remaining 
eye. When improvement appeared maxi- 
mal the rabbit was killed and the tissues of 
the second eye were sectioned. 

The observations were clearcut. The 
primary effect of vitamin A deficiency in the 
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rabbit eye is apparently an epithelial change. 
This appeared first in the cornea and could 
be detected with a biomicroscope one to 
three months before it was visible to the 
naked eye. A few of the surface cells in the 
cornea in the central area looked opaque and 
slightly greasy. Microscopic examination 
verified that these were epithelial cells 
undergoing metaplasia into squamous and 
keratinized cells. At first only a few cells 
here and there were so affected but soon 
they spread uniformly over the whole 
central area, which then became opaque. 

Simultaneously with or slightly following 
the corneal change the pigment in the con- 
junctiva was altered. The chromatophores 
of the limbal pigment ring of the eye showed 
an outward migration which led to an 
apparent widening and thinning of the 
pigment ring, and finally to a smoky dis- 
coloration of the whole bulbar conjunctiva. 
This could be seen readily with the naked 
eye and is comparable with the discoloration 
described by E. T. Collins (Tr. Ophth. Soc. 
United Kingdom 50, 201 (1930)) as occurring 
in the pigmented races in man and in vitamin 
A deficient animals. That this was due to 
migration of pre-existing chromatophores 
and not to a new development was indicated 
by the fact that only those animals with a 
pigment ring showed this change. In a few 
rabbits only one eye had a pigment ring; in 
these cases only the pigmented eye became 
“smoky.” 

The third change to appear was an altera- 
tion (keratinization) of the conjunctiva 
especially in the lower fornix. It is of 
interest that this change in man antedates 
the corneal change. The slowness of this 
development in rabbits is probably attribut- 
able to practically no part of the rabbit’s 
conjunctiva being normally exposed to the 
alr. 
Whether the corneal changes associated 
with vitamin A deficiency are the conse- 
quence of changes in the lacrimal gland has 
caused some discussion. In the rabbit it 
appears that changes in the lacrimal gland 


are not the causes of corneal change for the 
latter appeared first. It may be added that 
in the rabbit the substantia propria, the 
corneal endothelium, and the corneal nerve 
fibers were not found abnormal to biomicro- 
scopic examination. Neither were retinal 
changes observed with the ophthalmoscope 
or histologically. It is noteworthy that 
corneal vascularization and infiltration did 
not occur as part of the deficiency syndrome 
and, when observed, seemed to be related to 
infection. 

The correlation between plasma vitamin 
A levels and the time of onset of the eye 
changes was of special interest. The blood 
level sank to about 10 per cent of normal 
before any eye change could be detected. 

Treatment with vitamin A resulted in 
rapid cure. During the first few days of 
treatment the corneal condition was ap- 
parently worse, due to heaping up of the 
keratinized epithelium by the regenerated 
basal cells. In most cases, however, im- 
provement in the corneal condition was 
apparent in four days. The squamous cells 
were shed and did not reappear and the 
cornea rapidly returned to normal in 
appearance. Often large sheets of cast-off 
surface cells could be seen lying in the lower 
fornix and disintegrating into a thick white 
discharge. In some cases the corneas were 
normal within a week of the administration 
of vitamin A, in others slight changes could 
be detected for six weeks. The pigmenta- 
tion of the conjunctiva was the last to clear. 
The rapidity with which improvement was 
induced following administration of vitamin 
A in the rabbits is to be contrasted with the 
statement by H. D. Kruse (Milbank 
Memorial Fund Quart. 19, 207 (1941)) that 
the thickening and wrinkling of the con- 
junctiva which he attributed to vitamin A 
deficiency in man require many months of 
treatment with massive doses of vitamin A 
before improvement takes place. Yet, as 
Mann and her associates are careful to 
indicate, observations in rabbits are not 
necessarily directly applicable to man, 
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particularly since the physiologic require- 
ments of rabbits are not identical with those 
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of man and since the conjunctiva of rabbits 
is not normally exposed to the air. 


SELF SELECTION OF PURIFIED DIETARY COMPONENTS 


The ability of several animal species under 
various experimental conditions to select 
their nutritional requirements from a choice 
of nutrients in individual vessels has been 
discussed (Nutrition Reviews 2, 199 (1944)). 
C. P. Richter of Johns Hopkins had observed 
that rats were able to select from feeders 
containing olive oil, casein, yeast, sucrose, 
wheat germ oil, cod liver oil, and a variety of 
salt solutions, amounts of each sufficient to 
permit fairly normal growth and reproduc- 
tion. When female rats were pregnant or 
lactating, all individual food intakes were 
increased except those of sucrose and yeast. 
When rats were adrenalectomized, their 
appetite for sodium salts was found to 
increase greatly, presumably because of the 
abnormally high excretion of salt in the 
urine postoperatively. After parathyroidec- 
tomy, rats usually had an_ increased 
appetite for calcium salts, sufficient to 
prevent tetany and sustain life. 

The ability of pancreatectomized rats to 
select their own diets from an assortment of 
purified foodstuffs has also been studied 
(Nutrition Reviews 3, 341 (1945)). Pan- 
createctomized rats which were maintained 
on a stock diet manifested typical signs 
of diabetes. However these signs dis- 
appeared rapidly when the rats were allowed 
to select their own diets. These rats con- 
sumed high amounts of fat, low quantities of 
carbohydrates, high amounts of yeast, and 
variable portions of protein. 

Studies of possible fecal contributions of 
nutrients to the diet have been made by the 
self selection technic (Nutrition Reviews 4, 
116 (1946)). The purpose was to determine 
to what extent rats would eat the feces from 
rats maintained on a regular stock diet and 
whether feces fed ad libitum in this fashion 
could replace other dietary sources of the 


vitamin B-complex. The feces were found 
to be acceptable to the rat apparently in 
preference to liver powder and at least as 
readily as they ate yeast. Normal growth 
occurred when the self selection of feces 
provided the only source of the vitamin B- 
complex. When neither feces, liver powder, 
nor yeast were provided, all the rats lost 
weight. 

The ability of albino rats to select purified 
dietary components to fulfill their physio- 
logic requirements has been studied further 
by E. M. Scott (J. Nutrition 31, 397 (1946)). 
Eighty-seven weanling rats were placed in 
separate cages with access to four identical 
food cups, each containing a known amount 
of the standard diet which was composed of: 
Labco casein 24 per cent, salts 4 per cent, 
hydrogenated fat 10 per cent, and sucrose 62 
per cent. Vitamins were administered to 
the rats each day in the form of a pill. This 
dietary regimen gave satisfactory growth in 
all experiments in which it was used. The 
weight of food consumed from each of the 
four cups was determined each day and the 
dishes interchanged with one another in a 
predetermined, random fashion. After a 
three week stabilization period, the standard 
diet was removed from the feeding cups and 
Labco casein, salts, hydrogenated fat, and 
sucrose were supplied in known amounts, 
each in an individual cup. The amount of 
each dietary component consumed per day 
was determined and the cups interchanged in 
the same predetermined, random manner. 

During the three week control period, these 
three types of eating behavior were observed: 
(1) Position eating—some animals _pre- 
ferred to eat from one or both end cups, in 
preference to the middle ones. (2) Repeti- 
tious eating—some animals had a tendency 
to eat from the same cup that they had 
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eaten from before, regardless of its position. 
(3) Random eating—certain animals ate at 
random from all cups. The proportion of 
animals which showed any one type of 
eating behavior to the exclusion of the 
others was small. 

The eating behavior during the experi- 
mental period of three weeks was described 
by the author as: “‘A few animals ate only 
sucrose or only fat until they died; some 
animals alternated from one to the other; 
some animals ate no protein; others for a 
fairly long period ate protein exclusively. 
The only generalization that could be drawn 
was that no animal disliked all of the choices, 
and accordingly no indications of caloric 
deficiency were observed.” Of the 87 
animals studied, 34 lost weight during the 
period of self selection (an average of 21.0 g.). 
The rest of the animals gained an average of 
58.9 g. The rats which lost weight ate an 
average of about 0.1 g. of casein and 0.05 g. 
of salts per day, while those that grew ate 
about 3.0 g. of casein and 0.25 g. of salts per 
day. The appetite for hydrogenated fat 
was fairly uniform. Most rats ate little 
sucrose; those that grew ate about two and 
one half times as much as those that did not 
grow. In general the appetites of all these 
rats, aside from that for salts, protein, and 
calories, showed little relation to the 
physiologic requirements. 

This self selection technic was used by 
E. M. Scott and E. Quint (J. Nutrition 32, 
113 (1946)) to determine the influence of 
flavors upon self selection of food by rats. 
Ten weanling rats were given in each of two 
feeding dishes the same standard diet as 
used by Scott (loc. cit.) during a three week 
period, while another 10 rats were given in 
both cups the standard diet to which a 
flavor had been added at the end of this 
period; both groups were. allowed their 
choice of the standard and flavored diet for 
an additional three weeks. The amount of 
food eaten from each cup was recorded 
daily and the cups alternated in random 


fashion. In individual trials these flavors 
were tested at the following levels: diacety] 
3 parts per million, oil of anise 40 p.p.m., 
monosodium glutamate 1 per cent, butyric 
acid 600 p.p.m., and trimethylamine in a 
not readily measurable amount. The 
flavors of the diets containing diacetyl and 
monosodium glutamate were mild while the 
rest were offensive to human senses. The 
author stated that no appetite for nor 
avoidance of the flavors of butyric acid 
could be demonstrated, although animals 
previously fed the standard diet appeared to 
avoid the fish flavor of the trimethylamine 
diet. 

The limited ability of rats to satisfy their 
nutritional requirements through self selec- 
tion of purified dietary components neces- 
sitates the preparation of diets of uniform 

_ texture in all nutritional experiments with 

‘ rats, so that the same distribution of dietary 
components will be consumed by each 
animal in each group. The results of 
Scott’s investigations appeared to indicate 
that many rats had a lesser ability to select. 
their nutritional requirements than had 
been indicated by the earlier work of the 
Johns Hopkins’ workers. The ability of the 
rats to select their diet was dominated by 
their appetite for protein so that those that. 
ate ample protein grew while those that did 
not lost weight. This was demonstrated by 
Scott’s data and had been mentioned 
previously by C. P. Richter (Harvey Lectures 
38, 63 (1948)). 

The apparent lack of effect of certain 
flavors upon dietary selection is a fortunate 
condition in nutritional research. Under 
many experimental conditions and especially 
in nutritional assays with rats, it is im- 
possible to offer diets of the same flavor to 
the experimental groups. If such flavor 
differences made a definite difference in food 
consumption, the nutritional qualities of the 
diets might be concealed by such a flavor 
preference unless paired feeding by weight 
was used in all experiments. 
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ESTRONE INACTIVATION, VITAMIN DEFICIENCIES, AND INANITION 


Defects of function and of metabolism 
which were once ascribed to specific vitamin 
deficiencies are now believed by many 
investigators to be attributable to the 
accompanying decrease in food intake rather 
than to the vitamin deficiencies themselves 
(Nutrition Reviews 3, 229 (1945); 4, 71 
(1946)). A further instance is the failure 
of vitamjn deficient rats to inactivate 
estrone (Ibid. 3, 308 (1945)). V. A. Drill 
and C. A. Pfeiffer (Endocrinology 38, 300 
(1946)) conclude that this failure is due to 
the concomitant inanition and not, as 
previously supposed, to the vitamin defi- 
ciencies per se. 

Inactivation of estrogenic substances ap- 
pears to be a normal function of the liver. 
In ovariectomized but otherwise normal 
female rats receiving an adequate diet, 
estrone administered subcutaneously has 
been shown to cause estrus. When it was 
injected into or implanted as pellets in the 
spleen, however, estrus did not result. 
Since it was necessary in the latter experi- 
ments for the estrone to pass through the 
liver, these data have been interpreted as 
indicating the inactivation of the hormone 
by hepatic tissue. There are much sup- 
porting data to indicate that such a mecha- 
nism is normally operative. Of consider- 
able significance in this connection is the 
fact that certain toxic agents and certain 
types of deficient diets, which are known to 
result in liver damage, also impair or prevent 
estrone inactivation. N. B. Talbot (Endo- 
crinology 25, 601 (1989)) administered a 
mixture of carbon tetrachloride and alcohol 
to ovariectomized rats which had splenic 
implants of estrogenic substances. Estrus 
resulted, indicating that the rats with liver 
damage no longer inactivated the estrogen. 
K. Unna and collaborators (Proc. Soc. Exp. 
Biol. Med. 55, 254 (1944)) using a tissue 
‘slice technic, demonstrated that after rats 
had been maintained for some time on a low 
casein diet, their livers were unable to 


inactivate estradiol. This dysfunction was 
prevented by feeding methionine and par- 
tially prevented by feeding cystine. P. 
Gyorgy obtained results of similar import, 
using rats with splenic implants and a low- 
choline, low-casein, high-fat diet. This 
diet had previously been shown to cause 
cirrhosis as well as hepatic hemorrhage and 
necrosis. P. Gyérgy (Ibid. 60, 344 (1945)) 
also presented data which show that supple- 
mentation of this diet with methionine or 
protein digests results in functional repair of 
the liver as indicated by a return of the 
animals to an anestrous condition. 

Another condition which apparently 
causes failure of inactivation of estrogenic 
substances is brought about by feeding diets 
deficient in the vitamin B-complex. M. 8. 
Biskind and G. R. Biskind (Science 94, 462 
(1941)) reported that soon after rats which 
had splenic implants of estrone pellets were 
changed from a stock diet to a diet deficient 
in all of the B-vitamins, estrual changes 
began to take place. When yeast was 
added to the deficient diet the liver regained 
its ability to inactivate estrone (Endocrinol- 
ogy 31, 109 (1942)). A. Segaloff and A. 
Segaloff (Ibid. 34, 346 (1944)) confirmed and 
extended these observations. They showed 
that a deficiency of the vitamins of the B- 
complex impaired the ability of the rat’s 
liver to inactivate intrasplenically injected 
estrone, alpha-estradiol, and diethylstil- 
bestrol, and that the administration of large 
doses of either thiamine or riboflavin 
counteracted to a considerable extent the 
effect of the deficient diet. R. A. Shipley 
and P. Gyérgy (Proc. Soc. Exp. Biol. Med. 
57, 52 (1944)) reported similar results and 
H. O. Singher and co-workers (/. Biol. Chem. 
154, 79 (1944)), using a liver slice technic, 
showed that the livers of rats deficient in 
thiamine or riboflavin failed to inactivate 
estradiol. In none of these experiments was 
paired inanition controls utilized. In the 
experiments of Segaloff and Segaloff, one 
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group of rats receiving thiamine and alpha- 
estradiol were restricted in their food intake 
but the restriction was very mild as indicated 
by the relatively small loss in weight of the 
animals. 

Some of the results of these experiments 
have been applied in the clinic. M. 8. 
Biskind (/. Clin. Endocrinology 3, 227 
(1943)) and M. §. Biskind, G. R. Biskind, 
and L. H. Biskind (Surg. Gynec. Obst. 78, 
49 (1944)) have reported the successful use 
of the vitamin B-complex in the treatment 
of menorrhagia, metrorrhagia, cystic mas- 
titis, and premenstrual tension. 

V. A. Drill and C. A. Pfeiffer (Endocrin- 
ology 38, 300 (1946)) pointed out that 
decrease in food intake and loss of body 
weight had not been eliminated by the 
earlier studies as possible important factors 
in the failure of inactivation of estrogens by 
the liver when B-vitamins were withheld 
from the diet. They set up, therefore, 
studies similar to those conducted by 
previous investigators but with paired 
inanition controls. Adult female rats were 
given a diet consisting of casein, sucrose, 
vegetable oil, and salt mixture with oral 
supplements of oleum percomorphum, thi- 
amine, riboflavin, pyridoxine, calcium panto- 
thenate, niacin, inositol, para-aminobenzoic 
acid, choline, and biotin. The animals were 
castrated and pellets of estrone of about 
5 mg. were implanted in the spleen. Vaginal 


smears were made daily and following a ~ 


control period of anestrous smears, the effect 
of a deficiency of the vitamin B-complex, of 
controlled inanition or restricted food intake, 
and of methionine administration was 
studied. The livers of animals from which 
the B-vitamins were withheld showed a 
decreased ability to inactivate estrone as 
indicated by cornification of the vaginal 
smears, i.e. the occurrence of estrus. This 
cornification appeared at about the twen- 


tieth day of the deficient diet. The paired 
inanition controls, however, which received 
the daily supplement of B-vitamins and 
were restricted to the same amounts of diet 
as those ingested by the vitamin deficient 
animals, showed similar changes in the 
smears at about the same time. In another 
experiment, animals restricted to 3 g. of food 
daily, though given the B-vitamins, lost the 
ability to inactivate estrone. The inclusion 
of methionine in the experimental diets did 
not prevent the occurrence of vaginal 
cornification in vitamin B-complex deficient 
animals or in animals with restricted food 
intake. From the results of these experi- 
ments the authors, concluded that the effect 
of vitamin B-complex deficiency in pro- 
ducing a failure of the liver to inactivate 
estrone is due to the concomitant inanition 
and not of itself to the deficiency of B- 
vitamins. They discussed also the difficulty 
of reconciling the results of the animal 
experiments with the reported successful 
clinical use of the B-vitamins in menstrual 
disorders and suggested the employment of 
placebos in future clinical studies along 
these lines. 

From this and other reports (Nutrition 
Reviews 3, 229 (1945); 4, 71 (1946)) it 
appears that greater caution should be 
exercised in attributing deficiency signs to 
lack of one or more specific vitamins until 
full correction is made for the inanition 
which accompanies the deficiency in ques- 
tion. The findings on which this caution is 
based are of considerable importance. ‘‘In- 
anition,” however, appears to be only a 
little more exact than ‘“‘vitamin deficiency” 
as a definition of etiology. It is to be hoped 
that future researches along these lines will 
carry the study somewhat further and will 
procure more exact information as to the 
critical deficit in the diet—whether of 
calories, protein, or other dietary ingredient. 
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SOME EFFECTS OF FAMINE ON THE POPULATION OF GREECE 


Vital statistics frequently reveal in a 
unique manner the effects of nutritional 
conditions on a population. These statistics 
are particularly valuable during periods of 
crises; however, in such periods they may be 
less accurate. In recognition of this limita- 
tion, examination of the data from famine 
areas is of considerable importance. V. G. 
Valaoras (Milbank Memorial Fund Quart. 24, 
215 (1946)) examined data for the twin 
cities of Athens and Piraeus, Greece, to 
ascertain the effects of starvation. Al- 
though civil registration of vital statistics 
was the first administrative procedure to be 
paralyzed following the German occupation 
of Greece in 1941, Valaoras felt that regis- 
tration was kept at a satisfactory level in 
these two cities. The data are not uniform 
in that from January, 1943 they are based on 
a smaller area representing but 72 per cent 
of the original population and the period 
from March, 1944 to May, 1945 was covered 
by information collected by the Minister of 
Hygiene rather than that by the Statistical 
Service. Nevertheless the data for the 
period for 1940 to 1945 reflect the impact of 
famine and other forces on a _ civilian 
population. 

Following the occupation of the country 
there was a marked decrease in reported live 
births and a sharp increase in the reported 
deaths. Thus, the live births decreased in 
the last quarter of 1941 to 2353 as compared 
with 4704 in the first quarter of the same 
year. The deaths in the corresponding 
periods were 13,487 and 4019. This excess 
of deaths over births in the last quarter of 
1941 was 11,134—a startling loss of popula- 
tion in an area with slightly less than a 
million inhabitants. This excessive mortal- 
ity did not decrease until about April, 1942 
at which time imported provisions were 
distributed by the International Red Cross. 
It was not until a year later (March, 1943) 
that the number of births equaled the 
number of deaths. Assuming that these 
statistical data are at least approximations 


to the actual number of deaths and births, 
it is apparent that famine and other con- 
ditions accompanying it were responsible 
for a great loss of population as a result of 
both an increased number of deaths and a 
decreased number of births. 

The many factors responsible for the 
decrease in births cannot be sorted out. 
The decrease is attributed “not only to the 
numerous miscarriages and abortions ob- 
served during the time, but mostly to a 
physiological sterility which perhaps affected 
both parents but was most evident in 
women. Menstruation was temporarily sus- 
pended in more than 70 per cent of adult 
females.’”’ The amenorrhea just mentioned 
has been commented upon frequently by 
physicians who were in famine areas during 
the war. Whether it is a result of decreased 
caloric intake, a deficiency of some specific 
food constituent, or a psychologic phe- 
nomenon has not been established. The 
possibility that this effect is nutritional in 
origin is heightened by the demonstrated 
relationships which exist between certain 
sex hormones and vitamins (Nutrition Re- 
views 3, 27, 308 (1945)). It is amazing that 
there exists so little experimental data on the 
effects of controlled undernutrition on adult 
females, comparable with the relatively 
extensive data in existence on the adult 
male (see G. Lusk, ‘“‘Science of Nutrition,” 
Fourth Edition, p. 75, W. B. Saunders, 
Philadelphia (1931)). The need for such 
data is emphasized also by the observation 
made by Valaoras (loc. cit.) that a consid- 
erably lower mortality occurred in the fe- 
males than among the males during the 
famine. The definition of this adaptive 
power of the woman under starvation con- 
ditions should be worthy of investigation. 

Starvation was the primary factor in the 
excessive mortality of the Greek population. 
The deaths due to infectious and parasitic 
diseases for the first half of 1940 were 1764 
as contrasted with 3205 for the correspond- 
ing period of 1942. The greater portion of 
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this increase was attributable to tubercu- 
losis. There was a simultaneous increase in 
deaths from degenerative diseases except 
cancer. Although the most pronounced 
increase in mortality was from “violent 
deaths,’”’ which included starvation, the data 
make it apparent that hunger, exposure, and 
other conditions prevalent during 1941 to 
1943 contributed to the death of many 
individuals with either tuberculosis or de- 
generative diseases. 

There was a relatively small increase in 
mortality in young children. However, the 
children became shorter and lighter than 
those of similar ages in previous years of 
normal food intake. This latter effect 
seemed to carry over a period of years and 
was especially pronounced in the 10 to 14 
year age group in 1945. Whether this 
effect can be attributed to adaptive changes 
(Nutrition Reviews 3,65 (1945)) resulting in 
decreased growth and delayed maturity 
with consequent sparing of growth require- 
ments in these children cannot be answered. 
The hypothesis is attractive, however. A 


restudy of the same group of children a few 
years hence along the pattern of a study 
previously reviewed in this journal (/bid. 3, 
114 (1945)) might give some valuable in- 
formation on the long-term effects of a 
period of such starvation in children. 

The data on actual caloric intake of the 
population are meager. The daily bread 
rations for Athens from Oct. 1, 1941 to 
Apr. 28, 1942, ranged from 0 to 256 g. 
Bread was the only food given to the popula- 
tion during this period. The bread ration 
therefore supplied less than 700 calories per 
day even at the maximum ration. 

This report summarizes the over-all 
influence of severe starvation on the popula- 
tion. It is of particular interest that grow- 
ing children and adult women appeared to 
survive starvation better than did adult 
men. Starvation of the degree indicated 
affected the mortality from tuberculosis, 
heart disease, senility, and similar de- 
generative diseases, except cancer, but was 
not accompanied by any major epidemic of 
infectious disease. 


UTILIZATION OF AMINO ACIDS AND DIETARY 
PROTEIN IN CONVALESCENCE 


The occurrence of malnutrition and nitro- 
gen deficit during post-traumatic and post- 
surgical convalescence reflects a protein 
catabolism which has been difficult to alter 
by oral or parenteral administration of amino 
acid hydrolysates (Nutrition Reviews 3, 
40, 253 (1945)). Paradoxically, nitrogen 
losses subsequent to trauma or infection 
occurring in previously debilitated individ- 
uals are less marked and more amenable to 
very high protein diets (200 to 300 g. per 
day) or amino acid therapy than in otherwise 
healthy individuals. 

The comparative values of diet protein 
and parenteral amino acid supplementation 
in enhancing utilization of protein by the 
convalescent, debilitated war casualty are 
reported by K. Emerson and O. F. Binkley 
(J. Clin. Invest. 25, 184 (1946)). The syn- 


thetic amino acid mixture employed con- 
tained the ten amino acids essential for good 
growth in the rat, plus glycine (see \V uérition 
Reviews 3, 131 (1945)). The available 
basal diet and principal source of the dietary 
protein supplement consisted largely of 
“C” rations. 

Five men recovering from penetrating 
chest wounds, who had lost 40 to 60 pounds 
in weight, and 2 additional patients with 
acute infectious hepatitis, were studied. 
The subjects were separated into two groups. 
In the first, consisting of one patient with 
hepatitis and 3 wounded patients, dietary 
protein was increased by approximately 8 
to 12 g. per day; in the second, consisting of 
the remaining patient with hepatitis and 2 
wounded patients, the intravenous amino 
acid mixture, providing a supplementary 
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2.5 g. of nitrogen daily, was administered. 
Weight and nitrogen retention were ob- 
served. Nitrogen retention was calculated 
as the excess of protein and amino acid 
nitrogen intake over that lost in the urine 
and thoracic drainage. Consecutive die- 
tary control and experimental supplementa- 
tion intervals comprised a total of six 
three-day metabolic balance periods. The 
hepatitis patients and the 2 wounded men 
receiving amino acid mixtures were ob- 
served for an additional two to four periods. 
Total urinary and thoracotomy drainage ni- 
trogens were determined, as well as urinary 
creatinine, and weekly aliquot determina- 
tions of urea, ammonia, and alpha-amino 
nitrogen. 

At the outset the patients were,even in the 
control diet period, in positive nitrogen 
balance. Increased nitrogen intakes were 
uniformly accompanied by increased nitro- 
gen retention. In those patients receiving 
supplementary dietary protein, the increased 
retention approximated 75 to 90 per cent 
of the intake and varied from 1 to 8.5 g. 
of nitrogen per day. Of the 3 patients re- 
ceiving supplementary amino acids, 2 showed 
no increase in nitrogen retention during the 
first six days of administration. Ten to 
30 per cent of the administered amino acid 
was excreted. Subsequently, however, all 
3 patients showed retention ‘from 2 to 3 
times the amount of nitrogen, either as 
proteins or amino acids, by which the intake 
had been increased.” It was suggested 
that this delayed response of parenteral 
amino acid supplementation might be due 
to preliminary storage of essential amino 
acids in the liver, and that. their mobiliza- 
tion for protein formation occurs only later. 

The weight fluctuations observed in sev- 
eral subjects of both groups are interesting 
in view of the constantly positive nitrogen 
balances. If nitrogen retention signifies 
formation of protoplasm, a_ theoretical 
weight curve could be constructed which 
might reflect changes in nitrogen balance 
(E. C. Reifenstein, F. Albright, and S. 
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Wells, J. Clin. Endocrinology 5, 367 (1945)). 
Theoretical weight changes, calculated from 
the nitrogen balance data presented by 
Emerson and Binkley, compare favorably 
with observed variations in the hepatitis 
patients. In the wounded men, on the other 
hand, the calculated theoretical weight 
changes are of lesser magnitude than ob- 
served. This discrepancy, observed in sur- 
gical patients in a tropical climate, may well 
be accounted for by alterations in extra- 
cellular fluid volume. Determinations of 
salt intake and excretion in the sweat and 
urine, relative states of hydration, and 
associated factors influencing renal function 
and water balance were not made. ~ 

The investigators concluded that in terms 
of subsequent nitrogen utilization, parenteral 
amino acid supplementation was much more 
effective than increasing the level of dietary 
protein. The validity of this conclusion 
may be questioned, however, on the basis 
of the control levels of protein in the two 
groups. The wounded patients selected 
for subsequent amino acid administration 
consumed a basal diet containing 106 to 
145 g. of protein daily, while those selected 
for dietary protein supplementation con- 
sumed 56 to 75 g. daily. This difference 
prior to the experimental period might affect 
considerably the subsequent retentions of 
nitrogen, and may even be related to a “de- 
layed” response to the amino acid therapy. 
Finally any conclusions reached must not be 
considered applicable to the critical post- 
traumatic period of nitrogen loss of wounded 
and surgical patients. The subjects studied 
by Emerson and Binkley, although having 
lost much weight previously, were at the 
time of the experiment in positive nitrogen 
balance. During such a period it may be 
questioned whether parenteral amino acid 
therapy would be as critically needed as 
during the catabolic phase. This report is 
nevertheless suggestive and of the type 
required to provide effective therapy in 
surgical and post-traumatic convalescence. 
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NOTES 


Letter to the Editor 
Dear Sir: 

The article, ‘“Nutritional Edema,” which 
appeared in the October issue of Nutrition 
Reviews, does not quite accurately portray 
our conclusions about the mechanism of 
edema production. For some twenty years 
fluid balance between blood and tissues has 
been almost universally explained by the 
Starling equation where the plasma colloid 
osmotic pressure and the tissue pressure are 
balanced by the capillary pressure and the 
colloid osmotic pressure in the tissue fluid. 
This equation has been accepted as having 
quantitative accuracy with the further impli- 
cation that a shift of fluid results to corre- 
spond with and thereby “correct” any 
tendency toward disequilibrium. 

Our analysis suggests that famine edema 
is not always nor even frequently explicable 
by the Starling equation. In famine edema 
there is not necessarily any great fall in 
plasma colloid osmotic pressure and there is 
certainly no rise in the colloid osmotic pres- 
sure in the tissue fluid. Since both arterial 
and venous pressures are abnormally low, the 
latter very markedly so, the capillary pres- 
sure cannot be elevated. The remaining fac- 
tor, the tissue pressure is generally conceded 
to be normally so low that even a decline to 
zero would represent only a trivial change. 
Accordingly, there are only three possibilities: 

(1) The effective normal tissue pressure is 
much higher than commonly believed 
and so there would be room for an im- 
portant decline in severe undernutri- 
tion. 

(2) The osmotic pressure effective at the 
capillary wall is not simply that con- 
tributed bv the proteins in proportion 
to their concentration divided by their 
molecular weights. 

(3) The Starling equilibrium equation is 
not an accurate representation of the 
dynamic steady state at the capillary 
wall and may not be used for a dy- 


namic estimation of the relative rates 
of transudation and resorption. 

We believe the last point is true and would 
be predicted from physical chemical theory. 
It may be that points 1 and 2 also apply. 
We do not imply “that in this condition the 
capillary wall is abnormal.’”’ Such abnor- 
mality is conceivable, but it is perhaps the 
last of three possibilities to be entertained. 
In any case, the type of capillary wall abnor- 
mality that would explain the facts has still 
to be suggested. 

Your reviewer states: ‘Some factor miss- 
ing in the diet would seem to be involved.” 
We suggest that the mysterious factor is 
simply calories. 

Finally, we may note that our contention 
against the simple hypoproteinemia theory 
of famine edema is supported by the data 
from all recent investigations in the field of 
which we are aware. 

Ancel Keys 

Olaf Mickelsen 

Austin Henschel 
University of Minnesota 
Minneapolis 


A Peptide of Para-Aminobenzoic Acid 


The vitamin para-aminobenzoic acid 
(PAB) attracts continued interest. Its 
capacity as a growth factor was inferred 
initially from its ability to reverse the bac- 
teriostatic effect of the sulfonamides (Vu- 
trition Reviews 3, 152 (1945)) rather than by 
the orthodox demonstration that an animal 
or microorganism required it for growth. 
It is distributed widely in animal tissues, and 
is needed for growth in a variety of organ- 
isms. PAB increases resistance of mice and 
guinea pigs toward rickettsial infections 
(Ibid. 4, 87 (1946)). More recently it has 
been identified as a component of folic acid 
(Ibid. 4, 199 (1946)) and since the latter has 
been demonstrated to have activity in per- 
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nicious anemia and sprue (Ibid. 4, 11 (1946)) 
it and its components are being investigated 
intensively. 

The two folic acids which have been iso- 
lated and synthesized are composed of a 
central PAB molecule to which is attached 
a pteridine molecule and either one or three 
glutamic acid molecules. 8S. Ratner, M. 
Blanchard, and D. E. Green (J. Biol. Chem. 
164, 691 (1946)) have isolated from yeast 
another derivative of PAB. This compound, 
which had an estimated purity of 90 to 95 
per cent, contained the residues of one PAB 
molecule, 10 or 11 1-glutamic acid molecules, 
one amide group, and one unknown amino 
acid, but no pteridine; hence, it is not a folic 
acid. The glutamic acid peptide is, how- 
ever, linked to the carboxyl group of the PAB 
as in folic acid. The unknown amino acid 
appears to be dicarboxylic but was shown 
not to be aspartic acid. The new compound 
is devoid of biologic activity toward micro- 
organisms, either as a growth promoter or 
as a sulfonamide antagonist. The authors 
mention that the molecule may be too large 
to penetrate the cell wall which could explain 
its lack of activity. There were 100 micro- 
grams of the PAB peptide per gram of dried 
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yeast, and this compound accounted for 20 
to 30 per cent of the total PAB present. 

This new peptide is of interest not only 
because of its possible relation to folic acid 
and its implications for the mechanism of 
sulfonamide action, but also because it draws 
attention to what may be a special property 
of glutamic acid—the ability to form long 
peptide chains. A glutamic acid polypep- 
tide has also been isolated from Bacillus 
subtilis (G. Ivanovies and V. Bruckner, Z. f. 
Immunitatsforsch. 90, 304 (1937)). In this 
case the amino acid is of the “unnatural” d 
series rather than the | series as in the 
PAB peptide. 

Glutamic and aspartic acid are the only 
amino acids which, under the influence of 
transaminase, are capable of donating an 
amino group to an alpha-keto monocarboxy- 
lic acid to form the corresponding amino 
acid. It would be of particular interest if 
the new PAB glutamic acid peptide were 
involved in a special way in such amino acid 
syntheses. 


Recent Nutrition Books 


Handbook of Diet Therapy. Dorothea Tur- 
ner. The University of Chicago Press, 
Chicago, Ill. 1946. Pp. 112. ($2.00). 
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